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Malignant nephrosclerosis is a well-characterized renal vascular 
lesion, first described by Fahr’ in 1919. It is nearly always associated 
with severe, persistent elevation of average levels of resting diastolic 
arterial pressure and with other symptoms and signs of the syndrome 
of malignant hypertension. It usually appears in patients less than 50 
years of age, in whom it is often a complication of pre-existing, less 
severe hypertensive disease. If treatment does not restore arterial 
pressure to normal levels, the course of the disease is usually marked 
by rapidly progressing renal failure, terminating in death of some 80 
per cent of patients within one year of the onset, and of virtually all 
by the end of 5 years. It has now been abundantly demonstrated that 
remissions of this syndrome can be brought about by a variety of 
measures — lumbodorsal sympathectomy, treatment with bacterial 
pyrogens or tissue extracts and, during the past 6 years, the adminis- 
tration of one of a variety of potent antihypertensive drugs that have 
in common the capacity to lower diastolic arterial pressure. In one 
group of patients treated with these drugs a retrospective study* at 4 
years showed that the incidence of survival had been increased from 
3 to about 30 per cent. With present techniques it is anticipated that 
this survival can be doubled. 

At necropsy, patients who had been under intensive - antipressor 
therapy showed hitherto undescribed changes in the evolution of the 
renal lesions of malignant nephrosclerosis. The purpose of this report 
is to describe these changes and to contrast them with lesions of ne- 
cropsied patients who had had little or no effective antihypertensive 
treatment. 


* Presented at the Fifty-fourth Annual Meeting of the American Association of 
Pathologists and Bacteriologists, Washington, D.C., April 13, 1957. 
Received for publication, February 7, 1958. 


4 
: 
i ; 
4 
é 
4 
a 


I0I2 MCCORMACK, BELAND, SCHNECKLOTH, CORCORAN Vol. 34,No.6 


MATERIAL AND METHODS 


One hundred patients with the clinical diagnosis of severe essential 
or malignant hypertension were studied at necropsy. All demonstrated 
various stages in the evolution of the renal lesions of malignant 
nephrosclerosis. Multiple blocks of the kidneys were fixed, usually 
in a modified Zenker’s or a 4 per cent formalin solution, and multiple 
paraffin sections were prepared. These were stained with hematoxylin- 
eosin-methylene blue (HEM), Mallory’s phosphotungstic acid hema- 
toxylin (PTAH), Mallory-Heidenhain (MH), Masson’s trichrome 
(MT), and Verhoeff’s and Gomori’s elastic tissue stains. Frozen sec- 
tions prepared from formalin-fixed blocks of tissue were stained with 
Sudan IV. 

The initial microscopic study of these sections was made without 
reference to or knowledge of the clinical course, although the sections 
of treated cases had been recognized as such prior to this critical 
evaluation. To enhance further the objectivity of the review, sections 
considered to show the influence of effective antihypertensive therapy 
were intermingled with those from other patients with arteriolar 
nephrosclerosis, untreated malignant nephrosclerosis, and with sec- 
tions from patients who had no renal lesions. Repeated evaluations of 
the intermingled sections showed that the several groups could be 
recognized with a high degree of accuracy and, especially, that the 
sections showing the changes indicative of treated malignant nephro- 
sclerosis were distinguishable. 


CLINICAL OBSERVATIONS 


Of the roo cases, 19 were found to show evidences of “healing” or 
regression of the acute, destructive lesions of malignant nephro- 
sclerosis. All 19 patients had been under treatment with potent anti- 
pressor drugs, the majority with ganglionoplegic agents (hexametho- 
nium, pentolinium bitartrate, chlorisondamine, or mecamylamine, 
alone or in combination with reserpine), while some had been treated 
with hydralazine, alone or in combination with other drugs. 

The lesions in 14 of the 19 treated patients differed greatly from 
those of untreated patients. The 14 constitute our group I. These 
patients had been under treatment for periods of 4 to 48 months, and 
10 of them for more than 12 months. Their mean age was 44 years; 
the range from 28 to 66 years. The remaining 5 cases (group II) 
revealed microscopic evidences of moderate regression of lesions. Cor- 
respondingly, the duration of antihypertensive treatment in these was 
found to be relatively short, ranging from 3 days to 15 weeks. The 
shortest period of treatment consisted of an infusion of sodium nitro- 
prusside which had maintained an average diastolic pressure of 97 mm. 
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of Hg for 3 days before death. The age range in group II was 44 to 
55 years; the mean, 48 years. The 81 cases in group III showed typical 
lesions of active malignant nephrosclerosis. The age range here of 27 
to 68 years (mean age 44 years) was comparable to that of the other 
two groups. Group III served as a control, since none of the patients 
had received effective antihypertensive treatment. Some had been 
given bacterial pyrogens or had been subjected to lumbodorsal sym- 
pathectomy or even total adrenalectomy, but these procedures had 
not resulted in significant, sustained lowering of diastolic pressure. 

In order to detect the association between the efficacy of treatment 
and the nature of the renal vascular lesions, responses to treat- 
ment were graded as “good” (average supine diastolic pressure less 
than roo mm. of Hg and evidence of clinical improvement), “fair” 
(moderate decrease in supine diastolic average pressure but to levels 
greater than roo mm. of Hg and some clinical improvement) and 
“poor” (no decrease in blood pressure or a decrease only in standing 
diastolic pressure, often in association with remission of the syndrome 
of malignant hypertension and minor improvement). Of the 19 patients 
in groups I and II, 17 had maintained diastolic pressure averages of 
more than 126 mm. of Hg prior to treatment. Good responses occurred 
in 7 and were maintained for from 5 to 26 months; 11 showed only 
fair responses for periods of 1 to 24 months; 1 patient had a poor 
response. At the time of death, while still under treatment, only 4 of 
the 7 patients responding well initially continued to do so, and at that 
time 7 of the 19 patients were responding poorly to therapy. 

In 14 of the 19 treated patients, papilledema was present when 
treatment was started. All, however, had evidences of progressive, 
severe hypertensive vascular disease, compatible with a diagnosis of 
malignant hypertension. At the time of death, papilledema was present 
in 6 and absent in 13 patients. 

Of the 19, 6 had pretreatment evidences of moderate to severe renal 
damage, manifested by proteinuria and by urea or creatinine retention. 
At the time of death, 15 had severe renal failure and most of these 
demonstrated the uremic syndrome. Pretreatment blood urea levels of 
these 19 patients averaged 59 mg. per 100 ml., with levels of more 
than 100 mg. per roo ml. in 3 patients. Progression of renal damage 
can be inferred from the fact that at the time of death the mean blood 
urea nitrogen value for the group was 199 mg. per roo ml., and the 
level was greater than 100 mg. in 15. Renal failure was the primary 
cause of death of 14 patients; one patient each died of cardiac failure, 
pulmonary fibrosis, meningitis, hypertensive encephalopathy, and dis- 
secting aortic aneurysm. 
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MorpPHOLocic OBSERVATIONS 


The kidneys of treated patients (groups I and II) did not differ 
appreciably in gross appearance from those of patients who had not 
received treatment or in whom treatment had been ineffective in low- 
ering arterial pressure (group IIT). 

However, as noted above, the histologic sections showed substantial 
differences between groups I and II on the one hand and group III 
on the other (Table I). These were most strikingly delineated in 
sections stained with PTAH. In panoramic scanning under low power, 
a greater amount of tissue staining brown was present in groups I and 
II than in group III. The difference was due to an apparent increase 
in connective tissue in the renal parenchyma in groups I and II. While 
in some this change was focal only (Fig. 1), in most cases it was 
diffusely distributed (Fig. 2). Focal fibrosis occurred in association 
with parenchymal tubular atrophy, whereas diffuse fibrosis was ac- 
companied by a less severe but generalized reduction in the total mass 
of renal tubules. In addition, large amounts of purple-staining intra- 
tubular cast material were only rarely demonstrable in the treated 
groups. Instead, the tubules appeared dilated and lined by flattened 
epithelium. This appearance of tubular atrophy was most pronounced 
in both the proximal and distal convoluted segments. If the term 
“tranquillity” may be applied to a morphologic pattern, it describes 
the over-all histologic appearance seen in treated malignant nephro- 
sclerosis when contrasted with the violent aspect of sections from the 
control group. 

The most significant differences were in the renal arteries and 
arterioles. Thus, renal hilar and interlobar arteries in group III showed 
few abnormalities (Fig. 3) while, in contrast, corresponding vessels in 
groups I and II exhibited extensive subintimal fibrosis (Fig. 4) and, 
occasionally, complete occlusion. The arcuate and interlobular arteries 
in group III were thickened, with fragmentation, reduplication of the 
elastica, and some proliferation. The musculature contained many foci 
of necrosis which took a brilliant red stain with MH and stained posi- 
tively for fibrin with PTAH (Fig. 5). Some of these vessels showed 
evidence of recent and, occasionally, old thrombosis, with hemorrhage 
extending through the vascular wall. Corresponding vessels in. groups 
I and II revealed a considerable reduction in the extent of vascular 
damage. Indeed, in group I, the only common residua of this damage 
were the occurrence of thickened vascular walls and, here and there, 
of luminal obliteration by fibrous tissue, at times resembling healed 
lesions of polyarteritis nodosa (Fig. 6). Sections stained with PTAH 
contained rare foci exhibiting intramural deposition of fibrin; the red 
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masses observed in group III sections stained with MH were rare. 
Lesions in group II were intermediate in degree between those of 
groups I and III. 

The intralobular arteries and arterioles (less than 100 » in diameter) 


Taste I 


Summary of Renal Arterial and Glomerular Lesions in 100 Patients with 
Malignant Nephrosclerosis 


Treated patients (19) Untreated patients (81) 


Neda. 
Necrotic arterioles 
per 100 arterioles 
None 3 ° 2 
3 14 
6 - 10 2 
II - 20 23 
2I - 30 16 
31 40 5 
(Maximum- (Maximum- (Maximum- 
2) 10) 34) 
Necrotic 
per 100 
None 9 ° 8 
5 4 26 
6 - 10 _ . ° 12 
II - 20 _ I 33 
aI 30 2 
(Maximum- (Maximum- (Maximum- 
2) 14) 28 
Atheroma of arterioles 
per 100 ; 
None 14 2 55 
I _ 2 11 
2 I 9 
3 = 6 
large arteries 
Absent ° I 12 
Slight 2 a 57 
Moderate 4 I 9 
Marked 8 I 3 


in group III invariably showed extensive and typical changes of ma- 
lignant nephrosclerosis. Corresponding vessels in groups I and II 
differed in several respects, although the so-called “onion peel” or 
lamellar fibroelastic hyperplastic lesions were present also in group 
III. One difference was that the hyperplastic vessels seemed less 
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swollen and edematous in groups I and II. A greater difference, how- 
ever, was in the frequency of arteriolar necrosis and occlusion. Throm- 
bosis and thrombonecrosis occurred with an average incidence of 12 
in 100 counted arterioles in each case in group III, but was detected 
in fewer than 2 in 100 arterioles and often in none at all in group I. 
There was an average maximum incidence of 9 lesions in 100 vessels 
in group II. The smaller arterioles were often visualized with difficulty 
in groups I and II; occasionally all that could be seen was thickening 
of their walls. 

Small focal accumulations of lipid-laden histiocytes were evident 
within the interstices of the thickened walls of small arteries and 
arterioles in 33 of the 81 cases in group III, but were not manifest in 
any of the vessels in groups I and II. This lesion is believed to repre- 
sent an initial phase of atheroma formation. The fact that it was not 
seen in groups I and II is evidence that the process is reversible. 

Necrosis of preglomerular arterioles observed in group III was com- 
monly associated with glomerular lesions of focal or total necrosis 
(Fig. 7). This occurred with an average incidence of 7 per 100 
glomeruli in group III; in one case the incidence was 28 in 100. Glom- 
eruli in groups I and II showed a high incidence of scarring (Fig. 8), 
but the frequency of necrosis was low, varying from o to 2 per 100 
counted. Over-all glomerular hyalinization was not associated with 
arteriolar lesions; when it was present, clusters of glomeruli were 
affected and the lesion was often traced to old thrombosis in an adja- 
cent interlobular artery. 

DIscussION 

The data demonstrate that the clinical remission effected in patients 
with malignant nephrosclerosis by intensive treatment with antihyper- 
tensive drugs is associated with a corresponding remission in the histo- 
logic lesions of renal vascular disease and with a change in their nature. 
The most obvious alteration was cessation of activity and regression 
in both arteriolar necrosis and thrombonecrosis. This was associated 
with disappearance of most of the foci of fibrin accumulation and of 
the evidence of acute vascular damage. The change was best demon- 
strated in the patients in group I, all of whom had shown at least an 
initially favorable response to treatment. In most of these patients 
treatment had been continued for longer periods than in the case of 
patients in group II. 

A second major difference in lesions was the appearance of paren- 
chymal and perivascular fibroplasia with focal or diffuse renal pa- 
renchymal atrophy in treated patients. These were not manifest in the 
ineffectually treated controls. 
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A third, highly significant difference was in the distribution of 
vascular lesions. In group III the lesions appeared primarily in 
arterioles and small arteries, leaving large arteries intact; in groups I 
and II the large arteries showed extensive subintimal fibrosis which, in 
some instances, progressed to vascular occlusion. Medium-sized 
arteries, such as the arcuate and interlobular vessels, of the treated 
groups showed regression of the manifestations of acute vascular 
injury. Here, again, in some lesions there were evidences of fibrous 
vascular occlusion which resembled healed periarteritis nodosa. As 
observed elsewhere,* these lesions resembled those encountered in 
hypertensive vascular disease induced in rats which were subsequently 
treated with an antipressor agent. 

In a previous paper,* which included many of the patients listed in 
groups I and II, it was emphasized that the severely hypertensive 
patient when treated effectively does not die as the result of the hyper- 
tensive disease per se, but succumbs to complications of progressive 
atherosclerosis. Among these were listed cerebral hemorrhage and 
thrombosis, myocardial infarction, dissecting aneurysm, and slowly 
progressive renal failure. These complications usually occurred in 
patients with the more severe forms of hypertension prior to treatment 
and in those whose responses to treatment were poor. The nature of 
the renal lesion leading to failure has been described in the present 
paper. Although the acute lesions of malignant hypertension may be 
almost completely reversible and proceed to healing, the hypertensive 
state results in damage to large and medium-sized arteries. This may, 
in part, contribute to the subsequent appearance of atherosclerosis 
and fibrous intimal hyperplasia even though arterial pressure is more 
or less controlled. This lesion, which affects renal vessels diffusely, 
would account for the progressive renal failure occurring in the ma- 
jority of the patients in the treated group. Moreover, since in some 
patients treatment was not wholly suppressive, minimal active lesions 
of malignant nephrosclerosis persisted and were apparently progres- 
sive, although at a much slower rate than in cases not treated with 
antihypertensive drugs. This, too, might eventuate in renal failure. 
Lastly, the data compiled support the conclusion derived from experi- 
mental studies‘ that the acute destructive vascular lesions of malignant 
nephrosclerosis are caused by increased arterial pressure. 


SUMMARY AND CONCLUSIONS 


1. Treatment of malignant hypertension with potent antihyperten- 


sive drugs greatly alters the evolution of renal vascular lesions in this 
disease. 
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2. The lesions were studied in large numbers of sections procured 
from kidneys of roo necropsied patients who had had malignant 
nephrosclerosis. Nineteen of these had been under treatment with 
antipressor drugs. 

3. Treated patients, especially those who had been under therapy 
for long periods of time, almost always exhibited remission and heal- 
ing of the acute arteriolar lesions: thrombosis, thrombonecrosis and 
glomerular necrosis. 

4. These patients also showed a noteworthy alteration in the nature 
of the vascular disease. Large and medium-sized renal arteries re- 
vealed subintimal fibroplasia with progression to occlusion in some 
vessels. It is this lesion which presumably leads to the slowly progres- 
sive renal failure which was the cause of death in a majority of the 
treated patients in the group. 

5. The observations substantiate the clinical inference that patients 
with therapeutically induced remission of malignant hypertension ex- 
hibit an increased incidence of arteriosclerosis and its complications. 
This presumably reflects the damage inflicted upon the arteries during 
the pretreatment period of uncontrolled hypertension. The lesions ob- 
served in treated patients correspond to those encountered in hyper- 
tensive rats receiving a potent antipressor agent. 
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LEGENDS FOR FIGURES 


Fic. 1. Renal cortex showing focal but severe atrophy with interstitial fibrosis, 
Note tubular dilatation and lack of casts. Phosphotungstic acid hematoxylin 
(PTAH) stain. X 40. 

Fic. 2. Diffuse atrophy of renal cortex with interstitial fibrosis and loss of tubules. 
PTAH stain. X 40. 

Fic. 3. Interlobar artery in patient with untreated malignant nephrosclerosis show- 
ing no major histologic lesions. PTAH stain. X 6s. 


Fic. 4. Interlobar artery in patient with treated malignant nephrosclerosis. Sub- 
intimal fibrosis and marked narrowing of the lumen are present. Mallory- 
Heidenhain stain. X 6s. 
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Fic. 


Fic. 


Fic. 


Fic. 


5. Interlobular artery in patient with untreated malignant nephrosclerosis 
showing mural necrosis and subintimal accumulation of fibrin. PTAH stain. 
X 170. 


6. Interlobular artery in treated malignant nephrosclerosis. The arterial wall 
is partially destroyed with resultant dilatation. The lumen is filled by an 
organized thrombus. PTAH stain. X 170. 


7. Afferent arteriolar and lobular glomerular necrosis in untreated malignant 
nephrosclerosis. Fibrin deposition is prominent. A small juxtaglomerular 
arteriole is also affected. Note the absence of tubular dilatation and the 
partial retention of tubular architecture in proximal convoluted segments. 
PTAH stain. X 170. 


8. Lobular glomerular sclerosis believed to result from healing of lobular 
necrosis. Note the tubular dilatation and marked flattening of tubular epithe- 
lium. PTAH stain. X 170. 
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THE DIFFUSE INTIMAL THICKENING OF THE HUMAN 
AORTA WITH AGING * 
Henry Z. Movat, M.D., Ph.D.;¢ Roszrt H. More, M.D., and M. Darta Haust, M.D. 
From the Department of Pathology, Queen’s University and Kingston General 
Hospital, Kingston, Canada. 
As a preliminary to studies on arteriosclerosis of the aorta, it was 
essential for us to establish the normal structure of the vessel. The 
lesions of arteriosclerosis are generally regarded as being focal.’ Pre- 
ceding these focal lesions there is, however, a diffuse thickening? occur- 
ring in the intima, which increases with.age and is more marked in the BS 
lower than in the upper aorta. These changes were well described by : 
Jores.2 Some investigators* have stated that this diffuse thickening is | 
more prominent in the dorsal than in the ventral part of the vessel. A 
sex difference in the incidence of this lesion has been shown to exist in : 
coronary arteries,“but Prior® did not collect enough material to draw es 
a definite conclusion regarding a similar sex difference in the aorta. 
It is important to bear these changes in mind because they pre-exist 
the superimposed focal arteriosclerotic lesions. 

The aim of the present study is to investigate the structure and | 
development of the diffuse intimal thickening of the aorta in order to es 
achieve a better understanding of the superimposed focal arterio- : is 
sclerotic lesions. 
MATERIAL AND METHODS 
From 92 human aortas obtained at necropsy, 200 sections were ; 
prepared for study from areas which appeared grossly normal. Each 
aorta was opened longitudinally along the lesser curvature of the arch 
and along the line of origin of the right intercostal arteries. If normal 
areas were present, blocks were taken from the ascending (or arch), i 
upper and lower thoracic and upper and lower abdominal aorta, from : 
both the ventral and dorsal walls. All blocks were fixed for 72 hours t 
either in Lillie’s buffered ro per cent formalin (pH 7)* or for 24 hours 
in formol sublimate acetic solution. Following fixation, each of the 
specimens was bisected, one part being placed in 70 per cent ethanol 
(for embedding in paraffin), the other being left in the fixative for 
embedding in carbowax. The following stains were carried out: he- 


* Supported by grants-in-aid from The Bickell Foundation of Toronto, Canada, and 
the Public Health Research Grants of Canada. 

Received for publication, March 24, 1958. i 

+ Present Address: Department of Pathology, University of Toronto, Banting Insti- f 

tute, Toronto, Canada. 
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malum, phloxine, saffron; pentachrome II (omitting elastica); elastica 

(Weigert-Hart, nuclear fast red, metanil yellow); Fettrot and hema- 

toxylin. Additional stains for other purposes were made, as described 

in another publication.’ 
RESULTS 

In the fetus, the endothelium was intimately adherent to the internal 
elastic lamina (Fig. 1). Occasionally, however, some splitting of the 
internal elastic lamina was encountered. Most newborn infants showed 
some splitting of the internal elastic lamina resulting in a minimal 
thickening of the intima (Fig. 2).\If the aorta of a newborn infant 
was coiled and embedded as a whole, patches of splitting of the elastica 
were detected throughout the vessel. A microscopically distinguishable 
intima was demonstrable between the age of 6 months to one years 
The intima was thicker in the distal than in the proximal parts of the 
aorta. One could see either two elastic membranes with smooth muscle 
cells between them and the endothelium covering the innermost elastic 
membrane; or a prominent internal lamina and an intima composed of 
several delicate elastic fibers and membranes, intermingled with smooth 
muscle cells (Fig. 3). Collagen fibers were few in this early intima 
but metachromatic ground substance was abundanty( Fig. 4). 

During the second decade of life, a well developed intima was pres- 
ent throughout the aorta, being much thicker in the distal (Fig. 6) 
than in the proximal (Fig. 5) part. When this intima had attained 
considerable thickness, one could, as a rule, distinguish a musculo- 
elastic layer and an elastic-hyperplastic layer® (Fig. 6). In the mus- 
culo-elastic layer smooth muscle cells were arranged longitudinally, i.e., 
parallel to the long axis of the aorta. The layer was usually well sepa- 
rated by the internal elastic lamina from the media, in which the 
smooth muscle cells had a circular arrangement’ The elastic-hyper- 
plastic layer was composed of irregularly arranged smooth muscle cells, 
occasional histiocytes and fibroblasts, delicate elastic fibers, and ground 
substance. Not infrequently, smooth muscle cells were oriented as if 
migrating from the media ce openings in the internal elastic 
lamina into the intima (Fig. 7).’The smooth muscle cells of the intima 
were sometimes small, delicate, and difficult to recognize as such. 
Often, however, they had typical elongated, somewhat wavy, chroma- 
tin-rich nuclei and slender, tapering, acidophilic cytoplasm containing 
several myofibrils. The myofibrils were best demonstrable as dark 
purplish-blue when stained with phosphotungstic acid hematoxylin 
stain (PTAH) (Fig. 6), and as red with the trichrome stain. \ 

Differences between proximal and distal parts of the aorta were most 
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constant from the first to the fourth decades. In older ages the diffuse 
intimal thickening varied considerably from case to case. In the aorta 
of a 24-year-old individual, for instance, one could clearly recognize a 
progressive thickening from the proximal to the distal portions. 
Whereas in the upper thoracic aorta (Fig. 8) the intima was quite thin, 
in the upper abdominal part (Fig. 9) it had attained 2 to 3 times, and 
in the lower abdominal part (Fig. 11) it often measured 8 to 10 times 
the thickness of the intima of the thoracic aortax Differences between 
the ventral and dorsal portions were not ‘constant. Sometimes the 
intima of the dorsal aorta was thicker than the ventral and vice versa. 
(Figs. 9 and 10). Three layers were frequently discernible, particularly 
in the abdominal aorta (Fig. 11). External to the internal elastic 
lamina lay the musculo-elastic layer with longitudinally arranged 
smooth muscle cells and elastic fibersX A hyperplastic elastic layer, 
composed mainly of irregularly arranged smooth muscle cells and 
elastic fibers, was situated between the musculo-elastic layer and the 
innermost connective tissue layer. The latter was at times well de- 
marcated by a thick elastic membrane and consisted of ground sub- 
stance, delicate collagen and elastic fibers, and a few cellular elements, 
After the fifth decade, but particularly in old age, the intima often 
had attained a considerable thickness. The thick intima of old age 
frequently showed a pattern of three layers (Figs. 13 to 15), but 


sometimes only two layers were present in spite of a considerable . 


thickness. The various elements could be best distinguished in penta- 
chrome I stained sections (Fig. 12) in which red smooth muscle cells 
and black elastic fibers were found embedded in a blue staining ground 
substance. In addition, yellow collagen fibers were found in the elastic- 
hyperplastic and connective tissue layerx Increased amounts of acid 
mucopolysaccharide (Fig. 15) could be demonstrated in the elastic- 
hyperplastic layer, particularly when there was some fragmentation of 
elastic fibers (Fig. 14).“The connective tissue layer contained less acid 
mucopolysaccharide than in the younger age group and often had a 
hyalinized appearance (Fig. 15). 

In the ascending aorta and arch, the splitting of the internal elastic 
lamina permitted, at times, a clear separation of the intima from the 
underlying media. In other cases, splitting caused a broadening of 
the internal elastic lamina (Fig. 16). 

The diffuse thickening of the intima in the lower abdominal aorta 
was sometimes considerable and was associated with collagenization 
of the musculo-elastic and elastic-hyperplastic layers and atrophy of 
smooth muscle and elastic elements. This also affected the inner por- 
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tions of the media (Fig. 17). The connective tissue layer in such cases 
occasionally contained a number of foam cells (Fig. 17). 

Whereas, in regions which appeared normal grossly, intracellular 
accumulation of lipids seldom occurred, extracellular accumulation 
was found in some aortas after the third and fourth decades and was 
quite frequent after the fifth decade. The lipid, which was not visible 
grossly, was found mainly along the internal elastic lamina as a single 
thick band or several thinner bands (Figs. 18 and 19). Small amounts 
of finely dispersed lipid was at times distributed diffusely throughout 
the intima, but it always showed a tendency to accumulate along the 
elastic fibers and membranes. When the internal elastic lamina showed 
a band-like splitting, as seen in Figure 16, one had the impression that 
lipid had precipitated not only along but also within or between the 
split delicate elastic fibrils (Fig. 18). 


Discussion 


Transitions from the diffuse alterations which we have described to 
arteriosclerotic lesions are often very gradual.® Jores*? considered the 
diffuse changes to be normal because they occurred in all individuals. 
According to him, they were not physiologic because of their irregular 
development and distribution in the various portions of the vascular 
system, their gradual transition to pathologic lesions, and their ab- 
sence in animals. Jores believed that functional and mechanical stress 
during life, particularly of hydrodynamic nature, was responsible for 
the development of the diffuse intimal thickening» That the stress 
which occurs in hypertension caused marked thickening has been 
shown recently by Wilens.* » 

We are in agreement with Jores that the most marked thickening 
appears in the first 3 decades of life, i.e., during the period of vascular 
growth (“erste oder aufsteigende Periode des Gefasswachstums’”’).? It 
is true also that this first period is followed by a second, extending 
into the middle or end of the fourth decade, during which no consider- 
able further change occurs} During a third or declining (“abstei- 
gende’”’) period, there seems to be not only collagenization as believed 
by Jores and Aschoff, but also some further increase in thickness. 
Collagenization is associated with an alteration in the structure of the 
elastic elements.*® Often these undergo atrophy in both the intima and 
the media (Fig. 17). It is this loss in the functional capacity of elastic 
tissue, associated with atrophy of the smooth muscle and increase of 
collagenous tissue, which, in our opinion, predisposes to the develop- 
ment of focal arteriosclerotic lesions. , 
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These studies confirm the earlier findings of Jores that the intima 
increases in thickness with age, and also that the increase is more 
marked in the distal than in the proximal portions of the vessel. 
Arteriosclerosis is most severe in regions where the diffuse intimal 
thickening is most marked’ On the other hand, arteriosclerotic lesions 
seldom occur in the absence of diffuse intimal thickening, i.e., in young 
individuals and in the proximal portions of the aorta, These relation- 
ships and the absence of spontaneous arteriosclerosis in animals, which 
show no age changes in the intima, strongly suggest that diffuse intimal 
thickening predisposes to the development of arteriosclerosis. 

It will be the scope of subsequent publications to deal with the 
various focal arteriosclerotic lesions which are superimposed on the 
diffuse intimal changes described in this paper. 


SUMMARY 


The structure of the diffuse intimal thickening of the aorta, which 
develops in postnatal life, is described. 

This thickening increases with age and is more marked in the distal 
than in the proximal portion of the aorta. During the first 3 decades 
there is little individual variation, but in old age the degree of diffuse 
intimal thickening may vary from case to case. The diffusely thickened 
intima may be composed of 1, 2, or 3 layers, a musculo-elastic, an 
elastic-hyperplastic, and a connective tissue layer. 

The diffuse thickening of the aorta is considered to be a normal 
developmental and aging process and not a part of arteriosclerosis 
although it undoubtedly represents one of the local factors which pre- 
disposes to the inception of arteriosclerosis./The focal arteriosclerotic 
lesions are superimposed on the diffuse intimal thickening. 
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LEGENDS FOR FIGURES 


Fic. 1. Aorta of 7-month-old fetus. Endothelium is firmly adherent to the internal 
elastic lamina (A); no intima is present. Weigert-Hart elastica, nuclear fast 
red, and metanil yellow stains. X 307. 


Fic. 2. Aorta of newborn infant. There is splitting of the internal elastic lamina at 
(A) with formation of minimal diffuse thickening of the intima. Stain and 
magnification as in Figure 1. 

Fic. 3. Aorta of 6-month-old infant. The intima above the internal elastic lamina 
(A) is composed of longitudinally arranged elastic fibers with smooth muscle 
cells between them. Stain and magnification as in Figure 1. 


Fic. 4. Aorta of 5-year-old child. Internal elastic lamina shows splitting. Newly 
formed intima contains abundant metachromatic ground substance (gray in 
photomicrograph). Toluidine blue stain. X 307. 


Fic. 5. Upper thoracic aorta of 16-year-old male. The intima is thin, and there are 
longitudinally arranged smooth muscle cells internal to the internal elastic 
lamina (A). Heidenhain’s azan stain. X 307. 


Fic. 6. Abdominal segment of the aorta shown in Figure 5. There are two layers: 
the musculo-elastic layer between (A) and (B) and the elastic-hyperplastic 
layer above (A). Phosphotungstic acid hematoxylin stain. X 307. 


Fic. 7. This illustration shows the growth or migration of smooth muscle cells 
from the media through an opening in the internal elastic lamina (A) into the 
musculo-elastic layer of the intima. Trichrome stain. X 307. 


Fics. 8 to 10. Aorta of 24-year-old female. A thin intima is present above the 
internal elastic lamina (A) in the posterior upper thoracic aorta (Fig. 8). In 
the posterior upper abdominal aorta (Fig. 9), splitting of the internal elastic 
lamina (B), formation of a lamella (or membrana) interna (A), and several 
longitudinally arranged elastic fibers are seen. Formation of an internal elastic 
lamina (B) and membrane (A) is seen in Figure 10, representing the anterior 
abdominal aorta; this is thicker than the posterior wall. Stain as in Figure 1. 
184. 


‘ 
x 


Nov.—Dec.,1958 AORTIC INTIMAL THICKENING WITH AGE 


1029 
: 
4 


1030 MOVAT, MORE AND HAUST Vol. 34, No.6 


Fic. 


Fic. 


Fic. 


Fic. 


Fic. 


Fic. 


Fic. 


Fic. 


Fic. 


11. The abdominal aorta from case shown in Figures 8 to 10. There are 3 
layers: a connective tissue layer, from lumen to (A); an elastic-hyperplastic 
layer (A to B); and a musculo-elastic layer (B to C). Weigert-Hart, nuclear 
fast red, and metanil yellow stains. 184. 


12. Upper abdominal aorta of 49-year-old male. A markedly thickened intima 
appears above the prominent internal elastic lamina (B). The musculo-elastic 
layer can be recognized between (A) and (B). In spite of marked thickening 
there is no clear distinction between the 3 layers. Pentachrome I stain. X 184. 


13. Upper thoracic aorta, anterior wall, of a 59-year-old male. There is a clear 
separation between the 3 layers: connective tissue layer (lumen to A), elastic- 
hyperplastic layer (A to B) and musculo-elastic layer (B to C). Stain as in 
Figure 11. X 184. 


14. Lower abdominal aorta of a 67-year-old male. Intima is composed mainly 
of connective tissue (from lumen to A) and elastic-hyperplastic (A to B) 
layers. The musculo-elastic layer (B to C) is thin. Stain as in Figure 11. 
xX 184. 


15. Lower abdominal aorta shown in Figure 14, stained to demonstrate acid 
mucopolysaccharide and PAS-positive structures. Acid mucopolysaccharide 
(blue in slide, pale gray in photograph) is increased in the elastic-hyperplastic 
layer (A to B). Smooth muscle cells in the elastic-hyperplastic (A to B) and 
musculo-elastic (B to C) layers are seen to be surrounded by reticulin fibers 
(purplish-red in slide, and black in photograph). The connective tissue layer 
(A) appears somewhat homogeneous. It stained faintly with both Alcian blue 
and periodic acid-Schiff stains. Alcian blue, PAS, hematoxylin, and orange G 
stains. X 184. 


16. Arch (anterior) of 59-year-old male. Splitting of the internal elastic 
lamina (A) causes a band-like appearance. The intima above it appears homo- 
geneous and acellular. Stain as in Figure 11. X 184. 


17. Lower abdominal aorta of a 60-year-old male showing early arterio- 
sclerosis. There is collagenization of the elastic-hyperplastic and musculo- 
elastic layer (A to B), and atrophy of smooth muscle cells in both the intima 
and media. Foam cells are present in the connective tissue layer. Stain as in 
Figure 11. X 92. 


18. Upper abdominal aorta, posterior wall, of a 69-year-old male. Lipid 
(black in the photograph) is seen deposited along the internal elastic lamina. 
Fettrot and hematoxylin stains. X 184. 


1g. Another region in the upper abdominal aorta a few centimeters distal to 
the area shown in Figure 18. Lipid is deposited along the frayed internal 
elastic lamina. Fettrot and hematoxylin stains. X 184. 
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PULMONARY CAPILLARY PROLIFERATION INDUCED 
BY OXYGEN INHALATION * 


C. Pratt, M.D. 
From the Ohio Tuberculosis Hospital, and the Department of Pathology, Ohio State 
University College of Medicine, Columbus, Ohio. 

Pulmonary physiologists have long known that a progressive altera- 
tion in pulmonary function occurs during prolonged exposure to in- 
halation of atmospheres containing high concentrations of oxygen. Not 
only is there a progressive loss of vital capacity over a period of several 
days’ exposure, but recovery of the original vital capacity is slow and 
may require several days.** Examination of pulmonary tissue from 
animals sacrificed after days or weeks of exposure to increased oxygen 
has revealed such features as “hyperemia,”*** “engorgement and 
hemorrhage,”® “fibrinous pneumonia and congestion,”** and “damage 
to capillary walls.”? 

On several occasions the author has had opportunity to examine 
pulmonary tissue from persons who had died following prolonged pro- 
gressive pulmonary disease, and who had had oxygen therapy for 
considerable periods before death. A peculiar similarity in the appear- 
ance of several such lungs, even though the causes of the pulmonary 
insufficiency were different, gave rise to the suspicion that oxygen 
might be contributing to the terminal structural abnormality. In es- 
sence, the lesion appeared to be an overgrowth of capillaries in the 
alveolar septums. Since a search of the literature revealed scattered 
descriptions of this type of reaction but none in which it was attributed 
to oxygen inhalation, a number of necropsy cases were reviewed with 
specific attention to the possible influence of oxygen upon pulmonary 
posses MATERIAL AND METHODS 

Two groups of cases were chosen for study. Group I was selected 
by examination of a series of clinical records from the University Hos- 
pital, Columbus, Ohio. A consecutive series of ro necropsied patients 
was selected on the basis of their having received oxygen therapy 
during the hospital stay. The microscopic sections of pulmonary tissue 
were re-examined in order to determine the presence or absence of 
capillary proliferation. In this laboratory it is customary to prepare at 
least 3 sections from different lobes of the lungs, and often a section 
from each lobe is available. All slides in each case were reviewed and 
were similar to each other in appearance except in those instances 


* Received for publication, April 16, 1958. 
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where one or two lobes were the seat of pneumonia or carcinoma. 
Stains for elastic tissue and reticulum were made on new sections pre- 
pared from the original tissue blocks. . 

Group II consisted of a consecutive series of 22 necropsy cases culled 
from the records of the University Hospital Pathology Department. 
The microscopic sections of pulmonary tissue were simply removed 
from the file, examined, and an opinion was formed as to whether or 
not capillary proliferation was present. The clinical records were then 
checked. In addition to this material, a few specimens of surgically 
resected pulmonary tissue and others showing pulmonary edema and 
atelectasis were studied in order to substantiate the belief that the 
lesions ascribed to oxygen exposure were specific for this condition. 


RESULTS 


The clinical and histologic data in group I are arranged in order of 


the duration of oxygen inhalation. The observations in group II are 
summarized in Table I. 
Group I 


Case 1. Male, 57 years. Old and recent cerebrovascular accidents. There were 
no preceding respiratory complaints, but nasal catheter oxygen was begun on ad- 
mission because of Cheyne-Stokes respiration. Oxygen administration was con- 
tinued for 19 days at 7 liters per minute, ending 5 days before death. Progressive 
respiratory impairment was noted and was considered the probable cause of death. 


The total lung weight at necropsy was 870 gm.; grossly the lung tissue was “con- 
gested.” 


Five sections of lung tissue were available for study. All showed 
generalized slight to moderate alveolar septal thickening with increased 
numbers of congested capillaries (Fig. 1). In many small foci, alveolar 
structure was obscured, and in these areas fibrocytes and distinct 
delicate collagen fibers were noted (Fig. 2). A few foci of purulent 
lobular pneumonia were readily distinguished. 

Case 2. Male, 77 years. Old and recent cerebrovascular accidents. There were no 
preceding respiratory complaints, but nasal catheter oxygen was begun on admis- 
sion because of “moderate respiratory distress.” It was continued for 16 days, until 
death, at the rate of 4 to 5 liters per minute. Progressive respiratory impairment 
was the probable’ cause of death. The total lung weight at necropsy was 990 gm.; 
the lungs were dark red, firm, and a “small amount of red fluid” could be expressed. 

Three sections of lung tissue were available for study. All showed 
almost complete obliteration of alveolar spaces, with marked thicken- 
ing of the remaining recognizable septums (Fig. 3A). In many regions 
only “sheets” of closely packed capillaries could be seen. In those 
areas where alveoli could still be discerned, capillary tufts were ob- 
served to project into the alveolar lumens (Figs. 4 and 6). A distinct 
scarring obscured the pulmonary structure in scattered areas (Fig. 5). 
Most of the smaller bronchi contained mucoid material in which neu- 
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trophils were suspended, but no evidence of leukocytic reaction was 
seen elsewhere. 

Case 3. Male, 79 years. Generalized arteriosclerosis with cerebral thrombosis. 
There were no preceding respiratory complaints, but nasal catheter oxygen was 
given because of “moderate dyspnea.” It was continued for 8 days at 6 liters per 


minute. Death resulted from a massive cerebral hemorrhage. The lungs weighed 
780 gm. and were purplish-blue in color. 


Three sections of lung tissue were available for study, and two of 
these showed partial consolidation by purulent bronchopneumonia. In 
nonpneumonic areas capillary congestion and irregular thickening of 
alveolar septums were seen (Fig. 8). A few intra-alveolar tufts could 
be found, but in general the changes were relatively inconspicuous. 

Case 4. Male, 79 years. Pulmonary emphysema with cor pulmonale and con- 
gestive heart failure. Because of dyspnea, oxygen was administered by nasal 
catheter at 6 liters per minute for 6 days. Treatment was discontinued 4 days prior 
to death, which was attributed to edema. The lungs weighed 1,390 gm. and showed 
congestion. On section there were red patches from which oozed foamy material. 


Five sections of lung tissue were available for study, and all showed 
evidence of pulmonary edema. In addition there was a generalized 
thickening of alveolar septums with an increased prominence of capil- 
laries. Occasional intra-alveolar tufts were present. Inflammatory 
cells were absent except in relation to bronchioles. Here, there was 
usually lymphocytic infiltration which was interpreted as an indica- 
tion of chronic bronchitis related to the emphysema. Even the affected 
bronchioles showed numerous prominent capillaries in their walls and 
subepithelial regions (Fig. 9), and in many respiratory bronchioles, 
capillaries appeared in the lumens (Fig. 10). The latter lesion was not 
prominent in any other cases in group I but was seen in some of those 
in group II. 

Case 5. Female, 40 years. Subarachnoid hemorrhage. Nasal catheter oxygen 
was given because of unexplained hyperpnea. The rate was 7 liters per minute for 
6 days, and this was terminated 6 days before death. The lungs weighed 430 gm. 

Two sections of lung tissue were available. In each the alveolar 
septums were uniformly thin and the spaces empty. The capillary 
lesion noted in the other cases was not apparent, but it is possible that 
it may have regressed subsequent to interruption of oxygen exposure. 
The clinical record was not sufficiently detailed to permit a conclusion 
on this point. 

Case 6. Female, 80 years. Arteriosclerotic cardiovascular disease with conges- 
tive failure. Because of dyspnea, cyanosis, and pleural effusion, nasal catheter 
oxygen was given for 3 days at 4 liters per minute, until death. Death was at- 


tributed to congestive failure. The lungs weighed 610 gm. and were dark red, 
congested and atelectatic. 


Three sections of lung tissue were available. All showed generalized 
capillary congestion and proliferation; in many regions the septal 
tissue occupied more area than the air spaces. There were no definite 
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examples of intra-alveolar capillary tuft projection. There were occa- 
sional foci of fresh hemorrhage which may have been either ante or 
post mortem. 


Case 7. Male, 66 years. Myocardial infarction. Because of marked dyspnea, 
nasal catheter oxygen was given at 6 liters per minute for about 24 hours, ending 2 
days before death. The latter was the result of pulmonary embolism. The lungs 
weighed 630 gm. and showed generalized congestion with patchy dark red areas 
measuring 3 to 4 cm. in diameter. 


Three sections of lung tissue were available. All showed generalized 
evidence of capillary congestion and dilatation, but there was no sig- 
nificant degree of septal thickening or capillary tuft formation 
(Fig. 11). 

Cases 8, 9 and 10. Each received oxygen for less than 24 hours and showed only 
minimal capillary congestion, or none at all. The lungs weighed 720, 630, and 650 
gms., respectively. 

Group IT 


Examination of Table I which lists the patients in group II reveals 
a high frequency of oxygen administration to terminally ill patients; 
15 of the 22 consecutive cases reviewed had been so treated. It is 
apparent that each of the 6 cases considered to have a slight degree (++) 
of capillary proliferation had had prolonged oxygen therapy, the 
briefest period being 36 hours (case 8345). On the other hand there 
were 3 cases (8338, 8342 and 8344) in which oxygen had been admin- 
istered for 2 to 4 days, but no capillary proliferation was manifest. 


SUMMARY OF PATHOLOGIC OBSERVATIONS 


In this study, the gross appearance of the lungs was determined 
only by review of the necropsy protocols. In all instances the descrip- 
tions indicated a generally uniform appearance of the two lungs and 
the various lobes. When the changes were described as “patchy,” the 
patches were noted in all lobes and appeared similar everywhere. 
The lungs were never described as collapsed or small, and the terms 
“excessively red” and “congested” appeared in most of the protocols. 
It is significant that all of the lungs showing capillary proliferation 
were unusually heavy. Those patients having the longest oxygen expo- 
sure had the heaviest lungs except in instances where pulmonary edema 
was also present because of congestive failure (cases 4 and 6). 

Microscopically, the rate of development of the capillary alterations 
appeared to be variable in different persons. Thus in some instances 
proliferation was as prominent after only 2 to 3 days of exposure 
(cases 8337 and 8345) as after 7 days (case 8350). On the other 
hand, a few cases showed only capillary congestion after as much as 4 
days’ exposure (cases 5, 8338 and 8344). 
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Despite these variations, the sequence of events in the development 
of the lesion can be reconstructed. The first change presumably con- 
sists of congestion and dilatation of the alveolar septal capillaries 
(Fig. 11). The dilatation becomes progressively more pronounced and 
the septal walls thicker until the stromal tissue, rather than air spaces, 


Taste I 


Group II. Correlation of Capillary Proliferation and Oxygen Therapy 


Case Alveolar Duration of 
no. Age Clinical diagnosis septums* oxygen therapy 

8330 68 Miliary tuberculosis + 1 hour 
8331 19 Granulomatous infection ° ° 
8332 14 Bronchopneumonia ° 24 hours 
8333 63 Thrombocytopenic purpura ° ° 
8334 27 Carcinoma of colon 

with metastases ° 1 hour 
8335 70 Bronchogenic carcinoma +++ 7 days 
8336 2 Pneumonia; enteritis ° ° 
8337 42 Lobar pneumonia ++ 3 days 
8338 35 Intestinal obstruction; septicemia + 4 days 
83390 78 Carcinoma of breast 

with metastases + 2 days 
8340 73 Bronchogenic carcinoma ° 12 hours 
8342 77 Pyelonephritis ° 3 days 
8343 7° Coronary occlusion ° 15 hours 
8344 48 Acute pancreatitis + 2 days 
8345 60 Traumatic injuries (automobile) ++ 36 hours 
8346 6 Monocytic leukemia + 8 hours 
8347 64 Carcinoma of prostate ° ° 
8348 _ Stillborn ° ° 
8349 64 Carcinoma of uterus + ° 
8350 74 Subdural hemorrhage ++ 7 days 
8351 64 Hodgkin’s disease ° ° 
8352 68 Emphysema and cor pulmonale ++ 4 days 

* Key o = thin septums; inconspicuous capillaries. 


-+ = thin septums; capillaries congested; no proliferation. 
+ = thin septums; capillaries congested; slight proliferation. 


++ = thickened septums; capillaries congested; moderate proliferation. 
+-++-+ = thickened septums; capillaries congested; marked proliferation ; 


early fibrosis, 


occupies the major portion of each microscopic field. In such instances 
any given field has the appearance of collapsed lung, but the general- 
ized character of the lesion in a lung of normal size and increased 
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weight is not consistent with mere atelectasis. A further distinction 
may be made by the fact that in atelectasis it is possible to make out 
the individual thin alveolar septums apposed to each other (Fig. 7). 
In the lesion induced by oxygen exposure one would be forced to 
postulate an actual fusion of adjacent septums to explain the appear- 
ance on the basis of collapse alone (Fig. 6). It seems clear that when 
the degree of change is such that the amount of stroma equals or 
exceeds the volume of air space, there has been capillary proliferation 
in addition to the opening of all existing vessels. Additional features 
provide unmistakable evidence of capillary proliferation in the form 
of papillary tufts projecting into the lumens of alveolar spaces (Figs. 
1 and 4) and bronchioles (Fig. 10). 

In early lesions, examples of this condition are difficult to detect. 
After 4 or more days of exposure, however, many intra-alveolar capil- 
lary tufts are present. There is also increase in the number of capil- 
laries in the submucosa and walls of bronchioles (Fig. 8). Finally, 
after one to two weeks or more of continuous exposure to oxygen, 
fibrocytes appear among the proliferated capillaries and a diffusely 
distributed deposition of delicate collagen fibers occurs (Figs. 2 and 5). 

Evidence of inflammatory reaction in these lungs is quite incon- 
spicuous. The dark staining cells seen in the septums in most of the 
illustrations suggest a lymphocytic infiltration, but close inspection 
reveals that most of them are erythrocytes. Often the erythrocytes in 
the septums are arranged in rows; this is taken to indicate that they 
lie in longitudinally cut capillaries even if the vessel walls are not 
clearly visible in every instance. Nuclei of endothelial cells are num- 
erous and usually rather large. The persisting alveolar spaces are gen- 
erally empty except for a small number of phagocytes. Occasionally 
moderate numbers of extravasated erythrocytes are seen, and these 
presumably represent capillary hemorrhage, although extravasation 
during sectioning of the lung may also occur. There is, in some in- 
stances, slight edema of the alveolar septums. 

Intra-alveolar fibrin, neutrophils, and edema fluid are absent except 
in the few cases having pneumonic consolidation or congestive failure 
(cases 1, 3, 4, 8337, 8352). In case 8337 (lobar pneumonia) capillary 
proliferation was present only in the nonpneumonic lobes. 


DIscussIoNn 


The observations are considered to indicate that oxygen causes not 
only pulmonary alveolar capillary congestion, but a marked prolifera- 
tion of the capillaries as well. This is accompanied by thickening of 
alveolar septums and even papillary projections of capillary tufts into 
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the alveolar spaces. The lesions are occasionally accompanied by 
capillary hemorrhage or slight pulmonary edema. They are present in 
all lobes but are often patchy in distribution. A few apparently unin- 
volved septums are almost invariably found near those showing capil- 
lary proliferation. It is important to note also that the affected lungs 
are generally exceedingly heavy and are often described as being 
excessively red in color. 

The observations in an unselected series of consecutive necropsied 
patients (group II) reveal a surprisingly high frequency of oxygen 
administration during terminal illnesses. The related alterations in 
pulmonary septal capillaries are thus probably so common as to have 
escaped specific comment heretofore. Many of the specimens reviewed 
had been described as showing “patchy atelectasis” with or without 
“pulmonary edema and hemorrhage.” 

There are various reasons for the failure of certain patients to de- 
velop capillary changes even though exposed to oxygen inhalation. 
Among these is the chance that for technical reasons or because of 
shallow respirations, administration of the gas may not actually have 
appreciably raised the pulmonary oxygen concentration. For example, 
some of these patients were placed in an oxygen tent, an inefficient 
method of administration. Another possible explanation is the fact 
that oxygen has been found to have a more pronounced effect when 
administered to the normal individual than to the patient with a 
pathologic state accompanied by hypoxemia.” 

The lesions described seem entirely compatible with the observation 
that there is progressive loss of pulmonary function when oxygen 
exposure is continuous over a period of days. This has been attributed 
to the “irritant” effect of oxygen®** which was considered to result in 
edema and hemorrhage. It is difficult to see why such responses, if 
they are indeed inflammatory, should be so slow in developing, since 
oxygen should be just as irritating on the first as on the fifth day. 
Similarly, it seems logical that simple inflammation should resolve 
promptly on discontinuation of oxygen administration; yet physiolo- 
gists have shown that recovery of normal function may be delayed for 
two weeks after cessation of oxygen exposure. In view of these dis- 
crepancies and, in addition, the absence of fibrin deposit and neutrophil 
infiltration, and the paucity of edema, it is believed that oxygen 
specifically provokes capillary proliferation and does not excite in- 
flammation as in the case of an ordinary irritant. The mechanism of 
this action remains to be investigated although the first step is prob- 
ably already known since physiologists have shown that capillary 
dilatation occurs within minutes after inception of oxygen exposure.® 
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If one examines the illustrations in papers describing the results of 
exposure of normal animals to oxygen, one finds several examples of 
the same type of capillary lesions in the alveolar septums of these 
animals (Fig. 3, ref. 4; Figs. 5 and 6, ref. 5). 

It might be suggested that oxygen does not itself cause capillary 
proliferation, but merely prolongs life so that another factor has time 
to produce the lesion. On the other hand, many patients with similar 
diseases, though untreated with oxygen, have lived as long and did not 
show the capillary alteration. 

In certain respects the lesions are reminiscent of interstitial pneu- 
monitis or of diffuse interstitial fibrosis. It was for this reason that 
two consecutive groups of cases were reviewed. Since both of these 
conditions are rather infrequent, it is scarcely possible they would 
occur with the observed frequency by chance in these randomly selected 
consecutive groups of patients receiving oxygen therapy for a wide 
variety of conditions. 

The appearance of diffuse pulmonary fibrosis in some of the patients 
with the most prolonged exposure to oxygen is of importance in that 
this may well indicate the possibility of irreversible alteration. There 
is reason to believe that capillary proliferation alone may be reversible 
since various reports**** state that human volunteers who show changes 
in pulmonary function after several days’ exposure in oxygen cham- 
bers regain original functional capacity within a week or so after 
returning to normal atmosphere. However, this matter requires 
further study; it would be desirable to make actual observations of 
the regression of the lesion. Moreover, patients receiving oxygen 
should be followed during life, with subsequent correlation of necropsy 
lesions and clinical manifestations. The same procedure should be used 
to clarify the significance of pulmonary fibrosis. Since cases of this 
nature will obviously be rare, — with experimental animals 
should be planned. 

The observations reported are not necessarily presented to empha- 
size the hazards of oxygen administration. These are becoming gen- 
erally appreciated and are less frequent as increasing care is exercised 
in the administration of this gas. The morphologic expression of toxicity 
may serve as an explanation for the development of “dependence” 
upon oxygen administered to persons with respiratory impairment. 
The thickened alveolar septums would interfere with oxygen diffusion 
into blood. Thus, on return to normal atmospheric oxygen concentra- 
tion the patient would be expected to have greater difficulty than 
before oxygen therapy was begun. The need for “weaning” the patient 
from oxygen is also clarified. 
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Mention should be made of the possibility that the pulmonary 
lesions described may have a more general systemic significance. The 
effects of high concentrations of oxygen upon retinal capillary develop- 
ment, especially in premature infants are well documented.”” It is also 
now recognized that cutaneous angiomas are more common in prema- 
ture infants than in normal children, and that the incidence has de- 
creased as oxygen administration in early infancy has been curtailed.’ 

Finally, attention is directed to the fact that the pulmonary changes 
induced by oxygen often have been erroneously considered to be mani- 
festations of certain obscure pulmonary diseases. Thus capillary pro- 
liferation is mentioned in the original article’ and in numerous 
subsequent publications concerning the Hamman-Rich syndrome.’** 
Similar lesions have also been described in other chronic progressive 
pulmonary disorders characterized by respiratory insufficiency.’*”* 
Since most patients with these conditions receive oxygen therapy dur- 
ing the final stages of their ailments, the likelihood that septal capillary 
proliferation may be a reflection of oxygen inhalation requires consid- 
eration. So-called “plasma cell pneumonia of premature infants’”?® is 
said to be characterized by generalized septal thickening without 
clinical or morphologic evidences of infection, but with progressive 
pulmonary insufficiency. This may also be a manifestation of oxygen 
toxicity. 

SUMMARY 

Evidence has been presented to show that with oxygen inhalation 
for as little as two days, pulmonary alterations consisting of capillary 
congestion and proliferation may be observed. After continuous in- 
halation for approximately two weeks, diffuse fibrosis has been en- 
countered. Alveolar concentrations of oxygen obtained during 
administration by nasal catheter are believed to be sufficient to cause 
these alterations. 

The capillary lesions are thought to be responsible for the develop- 
ment of “oxygen dependence” and for the variations in pulmonary 
function which occur during and after inhalation of high concentrations 
of oxygen. They are presumably reversible at least until the time 
fibrosis supervenes. 

Failure of previous recognition of the effect of oxygen upon pulmo- 
nary tissue is attributed to the high frequency of its administration. 
The lesion has thus been so commoplace as to be considered a normal 
variation in pulmonary structure. 

The importance of appreciating the potential effect of oxygen on 
pulmonary parenchyma and of differentiating the lesions induced from 
those of various obscure pulmonary diseases is emphasized. 
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LEGENDS FOR FIGURES 


Fic.1. Case 1. Oxygen, 19 days. Some pulmonary aveolar septums are thin; 
others, especially one in the lower left, are thickened. Capillaries are promi- 
nent everywhere and a capillary tuft occupies the lumen of the alveolar space 
in the center of the field. Several capillaries can be traced from the septum 
into the alveolar lumen. Hematoxylin and eosin stain. X 400. 


Fic. 2. Case 1. Septal thickening and increased numbers of thin-walled capillaries 
are seen. In addition, fibrocytes and a few strands of collagen are present. 
Hematoxylin and eosin stain. X 400. 


Fic. 3. Distribution and pattern of the pulmonary lesions in patients exposed to 
oxygen. Hematoxylin and eosin stain. X 4. 


A. 
B. 


Case 2. Oxygen exposure, 16 days. The alveolar spaces are almost com- 
pletely obscured by septal thickening. For detail see Figure 4. 

Case 3. Oxygen exposure, 8 days. This illustrates the effect of squeezing 
on the pattern produced by the septal thickening. 

Case 8335. Oxygen exposure, 7 days. Some alveolar spaces are obscured 
by septal thickening. Those which remain show minor variability in size. 
This pattern is often interpreted as patchy atelectasis or as the result of 
rough handling of tissue at necropsy. 


D. Case 4. Oxygen exposure, 3 days. The pattern is entirely similar to that 


in Figure 3C. 
Lobar atelectasis in a patient not receiving oxygen. For detail see Figure 7. 
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Fic. 


Fic. 


Fic. 


Fic. 


4. Case 2. Oxygen, 16 days. There is thickening of all alveolar septums, 
producing a pattern superficially resembling atelectasis. Close inspection will 
reveal many thin-walled capillaries, with lumens often packed with erythro- 
cytes. There is a tuft of capillaries in the lumen of the alveolus at the center. 
Hematoxylin and eosin stain. X 400. 


5. Case 2. Photograph illustrates the widespread character of the lesion pres- 
ent in Figure 4. Note also the scattered strands of collagen. Hematoxylin and 
eosin stain. X 100. 


6. Case 2. The pattern of reticulum in the walls of the proliferated capillaries 
is shown. Note tufts projecting into alveolar spaces. Compare with Figure 7. 
Foot’s modification of the Bielschowsky stain for reticulum. X< 400. 


7. Reticulum stain of atelectatic lung tissue for comparison with Figure 6. 
Although apposed, individual septums are uniformly thin and readily distin- 
guishable. Foot’s modification of the Bielschowsky stain for reticulum. X 400. 
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Fic. 


Fic. 


Fic. 


Fic. 


8. Case 3. Oxygen, 8 days. Alveolar septal thickening, with congested and 
numerous capillaries. Most of the dark-staining cells are erythrocytes, and 
they can often be seen in rows. Hematoxylin and eosin stain. XX 400. 


g. Case 4. Oxygen, 6 days. The epithelium of a respiratory bronchiole is 
shown at the bottom. The lumen of the bronchiole is distended by capillaries. 
Hematoxylin and eosin stain. X 400. 


10. Case 4. The wall of a small bronchus contains increased numbers of capil- 
laries in the submucosa. These are also evident outside the muscular layer. 
Note the numerous capillaries in the adjacent pulmonary tissue, at the bottom. 
Hematoxylin and eosin stain. X 400. 


11. Case 7. Oxygen, 1 day. The capillaries are prominent and rather con- 
gested, but there is no evidence of proliferation. These changes are nonspecific 
and this field may be considered as a normal control for comparison with other 
illustrations. Hematoxylin and eosin stain. X 4co. 
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THE EFFECTS OF STAPHYLOCOCCAL TOXIN ON THE 
LUNGS OF RABBITS * 


J. R. Jackson, M.R.C.S.; R. J. Gussons, M.D., and Desmonp Macner, M.D. 


From the Departments of Pathology and of Bacteriology, University of Ottawa, 
Ottawa, Canada. 


Although the action of staphylococcal toxin in certain tissues has 
been thoroughly studied, little has been recorded concerning its effects 
on the lung. From both the clinical and pathologic viewpoints, how- 
ever, staphylococcal pneumonia in the human subject often presents 
findings which serve to distinguish it from pneumonia due to other 
causes. It may exhibit hemorrhagic, necrotizing lesions, comparable 
to those caused in other organs by the experimental use of staphylo- 
coccal toxin. Moreover, Evans and Evans’ have shown that staphy- 
lococcal pneumonia may bring about complete neutralization of the 
circulating antibody to staphylococcal alpha hemolysin, whereas this 
was not the case in patients suffering from staphylococcal infections 
elsewhere in the body. The observation of the Evanses suggests that 
large quantities of toxin may be produced in the lungs. For these 
reasons it seemed that a study of the action of staphylococcal toxin in 
the pulmonary tissues of rabbits might yield information concerning 
the pathogenesis of human staphylococcal pneumonia, and also the 
mechanism whereby the toxin produces its characteristic effects in 
other tissues as well. 

MATERIALS AND METHODS 


Toxin was prepared from pyogenic staphylococci of the “Wood” 
strain. The organisms were inoculated in brain-heart infusion with 0.3 
per cent agar added, and incubated at 37° C. in an atmosphere of 75 
per cent oxygen and 25 per cent carbon dioxide. After 40 hours, the 
broth culture was passed through cheesecloth, through Whatman filter 
paper, and spun in a centrifuge at 2,000 r.p.m. for 45 minutes. The 
supernatant was sterilized by passage through a Seitz filter. The re- 
sultant toxin was found to be rapidly lethal to rabbits in doses of 0.3 
ml. per kg. of body weight, was actively dermonecrotic, and produced 
hemolysis of a 1 per cent suspension of rabbit blood cells in a dilution 
of 1:512. 


Twelve male and 14 female albino rabbits were used, the weights 


* This work was assisted by a grant from the Province of Ontario under the National 
Health Grants program of the Department of National Health and Welfare. 
Presented at the Fifty-fourth Annual Meeting of the American Association of 
Pathologists and Bacteriologists, Washington, D.C., April 11, 1957. 
Received for publication, April 21, 1958. 
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ranging from 2,275 gm. to 3,860 gm. In 22 animals staphylococcal 
toxin was injected into the trachea, and in 3 a direct intrabronchial 
injection was made, using a polyethylene tube introduced via the 
trachea. In one of the animals India ink was mixed with the staphylo- 
coccal toxin. Details of the dosages of toxin used are summarized in 
Tables I to IV. All intratracheal injections were standardized to a 


Tasre I 
Group I. Survival after Intratracheal Injection of Staphylococcal Toxin 


Toxin 
Wi ode of 
R24 F 3860 Sacrificed ml. Undiluted 20 «min. 
Ras F 3320 Sacrificed ©.03 ml. 14 min. 
R23 F 2800 Sacrificed 0.29 ml. Undiluted 55 min. 
Ra7 M 3800 Sacrificed 0.05 ml. 1:3 55 min 
R28 F 3450 Sacrificed ml. 60 min. 
R3 F 3860 Sacrificed ©.23 ml. Undiluted 14 br. 
R37 M 2100 Sacrificed 0.25 ml. 14 hr. 
Taste II 


Group II. Survival after Intratracheal Injection of Staphylococcal Toxin 


Toxin 
ode of Dose x 
No. Sex Dilution Survival 
R2 M 2702 Died 0.37 mi. Undiluted 1% hr. 
R22 F 3600 Died 0.22 mi. Undiluted 2 hr. 
Rro M 2460 Died 0.05 mi. 137 hr. 
Rs F 2702 Died 0.075 ml. 1:4 3 
Rar F 3700 Sacrificed 0.27 mi. Undiluted 4 hr. 
R4 M 2850 Died 0.15 mi. hr. 


volume of 1.0 ml. with normal saline. The intrabronchial injections 
were similarly standardized to 0.5 ml. No attempt was made to obtain 
uniformity in the dilution of toxin used or in the dose of toxin per 
kilogram, but these were adjusted to permit the infliction of maximum 
pulmonary damage compatible with survival of the animal for the de- 
sired period of observation. Usually no anesthetic was required, but 
in some cases Nembutal® or Nembutal supplemented by ether was 
employed. In 6 instances 20 ml. of 1 per cent solution of trypan blue in 
normal saline was injected into the inferior vena cava 10 minutes be- 
fore the animal was sacrificed. 

In 5 unselected control animals (Table IV) the toxin was neutralized 
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prior to introduction by incubation with an equal or larger quantity 
of staphylococcal antitoxin (supplied by the Connaught Laboratories, 
Toronto, for therapeutic purposes) for 1 hour at 37° C. The antitoxin 
contained approximately 800 units per ml. In one animal the sterile 
broth culture medium itself was used. 

Animals died or were sacrificed by a blow on the back of the neck, 


Tasre III 
Group III. Survival after Intratracheal or Intrabronchial Injection 
of Staphylococcal Toxin 
Toxin 
Ww Dose 

No. Sex of Dilution Survival 

Rit F 3375 Sacrificed 0.035 ml. 1:8 24 hr. 

R19 M 3200 Sacrificed 0.024 ml. 1%4 25 hr. 

Ri2 F 2875 Sacrificed 0.025 ml. 1:13 48 hr. 

R20 M 2975 Sacrificed 0.025 ml. 1:6 72 hr. 

R13 M Sacrificed 0.020 ml. 1:15 4 days 

R18 M 3025 Sacrificed 0.010 ml, 1:32 4 days 

Ris M 2550 Sacrificed 0.020 ml. 1:19 7 days 

Taste IV 
Group IV. Controls 
Wt. Mode of Toxin Antitoxin Dilution Time of 

No. Sex (gm.) death ml. mi. /kg. Broth of toxin sacrifice 
R26 F 3450 Sacrificed 0.029 0.029 1:9 55 min. 
R29 F 3300 Sacrificed 0.075 0.150 1:3 2 hr. 
R30 F 3325 Sacrificed 0.075 0.150 1:3 4 hr. 
R8 F 2275 Sacrificed 0.5 ml. r:t 7 hr. 
Ro M 2275 Sacrificed 0.05 0.05 1:8 24 hr. 
Ry M 2950 Sacrificed 0.02 0.02 1:6 4 days 


at periods varying from 20 minutes to 7 days after instillation of the 
toxin. A complete necropsy was performed in all animals. An increase 
in the weight of the lungs was a frequent finding. The weight of the 
lungs in each case was calculated in terms of a percentage of the total 
body weight. Since.in none of the controls did the right lung exceed 
0.20 per cent or the left 0.13 per cent of the total body weight, ratios 
in this range were taken as approximately normal. Tissues were fixed 
in 10 per cent neutral formalin or Zenker’s solution. Multiple blocks 
of lung were embedded in paraffin, and sectioned. In addition, sections 
were made of brain, thymus, trachea, heart, liver, pancreas, spleen, 
adrenals, and kidneys. Sections were stained with hematein, phloxine, 
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and saffron. In special instances Weigert’s stain for elastic tissue, 
Gomori’s and Weigert’s stains for iron, Mallory’s phosphotungstic acid 
hematoxylin stain for fibrin, Cowdry’s mucicarmine method for mucin 
and Giemsa’s stain for blood cells were also used. Frozen sections were 
stained with Sudan IV for neutral fat. 


RESULTS 
Symptomatic Effects of the Toxin 


Injection of the toxin produced no immediate reaction, but in about 
10 minutes the pupils became contracted. Shortly afterwards respira- 
tions became slow, deep, and labored, and cyanosis often developed. 
In surviving animals partial recovery ensued, but some degree of 
dyspnea usually remained. In no animal surviving the first 24 hours 
did the toxin produce injury sufficient to cause death within the period 
Pathologic Observations 

The alterations of major importance were in the tracheobronchial 
tree, lungs, and pleural cavities. The animals were divided into 3 
groups for purposes of description. Group I consisted of 7 rabbits 
that died or were sacrificed up to 90 minutes after introduction of 
staphylococcal toxin into the trachea (Table I). Group II was com- 
prised of 6 rabbits surviving for 105 minutes to 5 hours after the 
injection of the toxin (Table II). In group III were 7 rabbits living 
for 24 hours to 7 days after injection (Table III). 

Gross Necropsy Findings. The animals in group I showed only 
slight injection of tracheal mucosa and slight increase in lung weights. 
In group II, the tracheal mucosa was considerably injected, and frothy 
fluid, often blood-stained, was present in the trachea and bronchi. One 
or more lobes in every rabbit contained glistening red areas of jelly-like 
consolidation, usually situated centrally and peribronchially and some- 
times occupying most of the lobe. Edema was often present in the 
unconsolidated lung, and lung weights were moderately increased. In 
group III tracheobronchial changes were still more marked. Centri- 
lobar peribronchial zones of brownish consolidation (Fig. 1) were 
present in all animals, save one that had received very dilute toxin. 
Portions of lung remote from the consolidated zones were edematous 
or manifested a diffuse pale yellow firmness. In this group the increase 
in lung weights was marked, ranging up to 5 times the estimated nor- 
mal weight. Straw-colored or blood-stained pleural effusions were 
present in some animals. Findings in the other organs were not con- 
sidered relevant. No significant gross alterations were noted in the 
lungs or other organs of the 7 control rabbits. 
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Microscopic Observations. In group I the alterations in the trachea 
were inconstant and minimal. In groups II and III, the animals living 
for from 2 to 25 hours after exposure to toxin showed mucosal con- 
gestion, edema, focal hemorrhage and occasional light neutrophil in- 
filtrations (Fig. 2). Rabbits surviving over 48 hours showed an 
absence of significant tracheal alterations. 

Significant lesions in the lungs were noted only in one rabbit in group 
I that survived for 55 minutes. In this animal there was a centri- 
lobar zone of vascular dilatation and alveolar edema (Fig. 3). 

The centrilobar consolidations present in the rabbits in group II 
consisted of areas of intense capillary congestion and alveolar edema, 
with alveolar hemorrhage of mild to moderate degree. An acute in- 
flammatory exudate was present in perivascular and peribronchial 
connective tissue, and one animal showed acute inflammation marginal 
to the consolidation. Polymorphonuclear leukocytes were constantly 
absent in consolidated alveolar areas. A feature in 4 of the 6 animals 
in this group was tremendous dilatation and recent thrombosis of 
larger pulmonary blood vessels (Fig. 4). Two rabbits showed an acute 
vasculitis. Areas of lung remote from the central lesions were normal 
or showed alveolar edema. 

Microscopic examination of the brownish consolidations in group 
III showed zones of hemorrhagic necrosis (Figs. 5 and 6). The ma- 
jority of lesions manifested an acute vasculitis and perivasculitis (Fig. 
7). Portions of lung marginal to necrotic zones were the sites of a 
heavy neutrophil and fibrinous inflammatory exudation. In a few ani- 
mals focal or diffuse bronchopneumonia was present in lobes free from 
centrilobar necrosis. After 3 days, reparative changes became mani- 
fest, with “epithelialization” of alveoli and growth of young fibroblasts 
into alveolar exudate and necrotic tissue (Fig. 8), as well as in the 
connective tissue about bronchi and blood vessels. 

Bacteriologic Findings. Bacteriologic studies were not made in the 
rabbits sacrificed within 5 hours of the injection of toxin. Swabs or 
tissue were taken from each of the lungs of those surviving for 24 hours 
or longer. In 2 animals surviving for 4 and 7 days a growth of short, 
gram-negative bacilli was obtained on blood agar, the colonies and 
bacteria having the gross and microscopic characteristics of bacilli of 
the Alcaligenes group. The organisms did not ferment sugar or liquefy 
gelatin, and were not found to be pathogenic to rabbits on intravenous 
injection. It was concluded that they were probably saprophytic or- 
ganisms derived from the gastrointestinal tract. Swabs from the other 
animals grew no organisms on culture. 

Observations with Intravenous Injection of Trypan Blue. In order 
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to investigate the role of vascular stasis in the production of the pul- 
monary alterations, 20 ml. of a 1 per cent solution of trypan blue in 
normal saline was introduced into the inferior vena cava in 5 animals 
(R24, R25, R28, R23, R21) at intervals of 20 minutes to 4 hours fol- 
lowing the intratracheal injection of various dilutions of toxin. The 
animals were sacrificed after 10 minutes and necropsy performed im- 
mediately. A sixth animal (R26) which received neutralized toxin was 
used as a control. 

In the control animal (R26) and at 20 minutes (R24), the lungs 
were uniformly blue. At 40 minutes (R25) and 60 minutes (R28) 
the lungs, otherwise grossly unremarkable, showed complete exclusion 
of the dye from numerous, irregular, peripherally situated, fan-shaped 
regions measuring up to 1.0 cm. in diameter (Fig. 10). Microscopic 
examination failed to show differences between stained and unstained 
areas. 

With undiluted toxin (R23), after 55 minutes there was complete 
exclusion of trypan blue from the right superior lobe and adjacent 
portions of the middle and infero-lateral lobes (Fig. 9). Present else- 
where were patchy, peripherally situated zones devoid of dye, resem- 
bling those described in the previous paragraph. Microscopically, the 
central portions of the right superior, middle, and infero-lateral lobes 
showed vascular dilatation, congestion, and edema (Fig. 3). After 4 
hours (R21), there was complete failure of trypan blue to penetrate 
any portion of the right lung. In the left, however, only a few small 
peripheral unstained areas were seen. These measured less than 0.2 
mm. in diameter. Firm hemorrhagic lesions occupied the lobes of the 
right lung. Microscopically, there was intense dilatation of capillaries 
and larger pulmonary vessels, with thrombosis in some of the latter. 
Many venules had ruptured, and alveoli were packed with erythrocytes. 


DIscussION 


The means by which staphylococcal toxin produces its necrotizing 
effects in various tissues has been the subject of speculation and experi- 
mental investigation. In particular, renal cortical necrosis produced 
by the intravenous injection of the toxin has interested a number of 
workers. Several have attributed the renal necrosis to a local vascular 
disturbance produced by the toxin. Thrombosis of regional blood ves- 
sels,?* dilatation and rupture of glomerular capillaries,* and obstruc- 
tive vascular stasis following injury to intralobular arteries and afferent 
arterioles’ or spasm of renal veins®’ have all been considered as the 
vascular lesions leading to renal necrosis. On the other hand, it has 
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been held** that the toxin acts directly on endothelial and epithelial 
cells of the glomerular tufts and on the epithelium of the renal tubules. 

Concerning the pathogenesis of the necrotic lesions produced by 
staphylococcal toxin in nonrenal tissues, Rigdon® was of the opinion 
that those which occurred in the intestine and elsewhere following the 
intravenous injection of toxin were due to direct injury to cells. Thal 
and Egner,*® studying staphylococcal dermal necrosis in rabbits, noted 
an absence of neutrophils and an exclusion of intravenously injected 
trypan blue from lesions that became necrotic. This led them to con- 
sider the lesions to be essentially dermal infarctions secondary to vas- 
cular spasm. They observed spasm directly in small mesenteric arteries 
and veins about which staphylococcal toxin had been infiltrated. Thal 
and Molestina™ observed local venous spasm in rabbits developing 
severe hemorrhagic pancreatic necrosis following the injection of 
staphylococcal toxin into the main pancreatic duct. 

In the respiratory system various effects of staphylococcal toxin 
have been described in studies not specifically concerned with this 
problem. Russ* observed pulmonary edema and hypertension and 
right heart failure following the intravenous administration of toxin. 
Burnet and his associates,’*** using heart-lung, lung-pump, and heart- 
artificial lung preparations as well as experimental animals, observed 
a rise in pulmonary arterial pressure and a fall in systemic arterial 
pressure following the injection of staphylococcal toxin. They postu- 
lated a nonspecific, tonic contraction of pulmonary arterioles as well 
as a direct cardiac action of the toxin. No recent inquiries into the 
pulmonary effects of staphylococcal toxin appear to have been under- 
taken. However, Thal and Egner,”® investigating the mechanism of 
shock produced by the toxin in rabbits, noted that the intravenous 
injection of alpha toxin led to aggregations of leukocytes along the 
endothelium of the small pulmonary vessels, and the occasional occur- 
rence of pulmonary edema. 

In our experiments a striking result of the introduction of staphylo- 
coccal toxin into the bronchial tree was the appearance of large 
peribronchial zones of hemorrhagic consolidation, usually situated in 
the central and posterior portions of the lungs. These lesions rapidly 
proceeded to complete necrosis of pulmonary tissue. Marginal areas 
showed an acute inflammatory reaction. Two aspects of this observa- 
tion seem worthy of consideration: first, the pathogenesis of the pul- 
monary lesions; and, second, the relevance of our experimental results 
to findings in human staphylococcal pneumonia. 

Vascular alteration played an important role in the development of 
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the pulmonary lesions. Initial intense congestion of larger blood ves- 
sels and alveolar capillaries was followed by edema, then rupture of 
capillaries and venules, and hemorrhage. Later, complete necrosis of 
pulmonary tissue occurred. That these lesions in fact represented 
classical infarcts due to spasm of larger pulmonary arteries does not 
seem likely since they lacked pyramidal configuration and peripheral 
location. Their location, however, corresponded to the distribution of 
India ink in the bronchial tree, when this was mixed with the injected 
toxin. There appears to be no strong argument against the view that 
staphylococcal toxin, diffusing through bronchial walls, produced the 
lesions by a direct effect on pulmonary capillaries and venules. Ap- 
parently paralytic dilatation and increased permeability of capillary 
blood vessels, with alveolar edema and hemoconcentration, led to stag- 
nation of circulation, an effect sometimes enhanced by actual throm- 
bosis of larger vessels. Whether such stagnation hyperemia, equivalent 
in terms of function to ischemia, was the sole mechanism producing 
pulmonary necrosis remains undecided. The possibility that the toxin 
also caused necrosis of cells by direct action does not seem unlikely. 

The intravenous injection of trypan blue solution shortly before 
death gave additional evidence for the existence of a severe pulmonary 
circulatory disturbance. In animals sacrificed shortly after the injec- 
tion of staphylococcal toxin, in which the lungs were free of zones of 
consolidation, there were peripheral wedge-shaped areas devoid of 
trypan blue. This appeared to indicate that spasm of smaller pulmo- 
nary blood vessels, presumably of transitory nature, did occur. How- 
ever, for the reasons given above, spasm was not believed to have been 
responsible for the zonal pulmonary necrosis. In rabbits allowed to 
survive for longer periods after the injection of toxin, in which central 
zones of consolidation were found at necropsy, trypan blue solution 
was excluded from whole lobes or major portions of them. If the cir- 
culatory alteration thus indicated occurred initially in all animals 
receiving toxin, the circulation evidently became re-established periph- 
erally beyond the central necrotic zone, since peripheral portions of the 
lung rarely became necrotic. 

Absence of an acute inflammatory exudate in the foci of pulmonary 
consolidation is noteworthy. In our opinion, this was attributable to 
the inhibition of the vascular response following early focal circulatory 
arrest. Acute inflammation in marginal zones and in perivascular and 
peribronchial connective tissue within the necrotic lesions probably 
represented a reaction to staphylococcal toxin of tissues in which 
circulation persisted, or was re-established. The occurrence of acute 
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pneumonitis in some animals in areas remote from the centrilobar 
hemorrhagic and necrotic lesions is more difficult to explain. Possibly 
staphylococcal toxin, diffusing in and diluted by edema fluid, was 
present in concentrations insufficient to cause vascular stasis but never- 
theless was capable of evoking an inflammatory response. 

Staphylococcal pneumonia has been encountered as a complication 
during outbreaks of influenza***" and has been observed in epidemic?® 
and sporadic*® form predominantly in infants. The disease in infancy 
may be rapidly fatal, death occurring sometimes within a matter of 
hours.”° In such patients pathologic lesions in the lungs may be con- 
fined to hemorrhagic consolidation and spreading alveolar edema.”' 
With longer survival the picture usually is that of a progressive hemor- | 
rhagic necrotizing pneumonia proceeding to multiple abscess forma- 
tion. The similarity of the earlier changes seen in this type of 
pneumonia to the lesions produced initially in the rabbit by the intra- 
tracheal injection of staphylococcal toxin are striking and indicate 
that the former may be due, at least in part, to a local production of 
exotoxin. Reference has already been made to the observation of Evans 
and Evans,’ suggesting that relatively large quantities of toxin are in 
fact being produced in the lung in staphylococcal pneumonia. The 
hemorrhagic necrotic components of the full-blown disease and the 
frequency of venous thrombosis resemble the later lesions encountered 
in our experimental animals, and may also be attributed to the effect 
of the toxin. 

The exclusion of large portions of lung from effective circulation was 
demonstrated in animals receiving intratracheal staphylococcal toxin 
by means of the intravenous injection of trypan blue. If a similar 
large scale pulmonary circulatory disturbance occurs in human staphy- 
lococcal pneumonia, it may well contribute to the occurrence of early 
and sudden death. 

SUMMARY AND CONCLUSIONS 


Staphylococcal toxin introduced into the tracheobronchial tree of 
rabbits produced large peribronchial zones of hemorrhagic consolida- 
tion which proceeded to complete necrosis of pulmonary tissue. Evi- 
dence is presented indicating that a vascular disturbance characterized 
by stagnation hyperemia with functional ischemia is important in the 
production of the lung necrosis. However, the possibility that the toxin 
may also cause necrosis of pulmonary tissue by direct action has not 
been excluded. Histologic features of the experimental lesions are 
similar to certain of those observed in fatal staphylococcal pneumonia 
in human patients. 
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LEGENDS FOR FIGURES 


All photomicrographs were prepared from sections stained with hematein, phlox- 
ine and saffron. 


Fic. 1. Riz. Survival 24 hours. Lung. A cross section of the left inferior lobe 
shows an area of consolidation. 


Fic. 2. R4. Survival 5 hours. Trachea. The blood vessels of the submucosa are 
dilated. There is edema and hemorrhage in the lamina propria of the mucosa 
and in the submucosa. X 70. 


Fic. 3. R23. Survival 55 minutes. Lung. The alveolar capillaries and thin-walled 
pulmonary blood vessels are markedly dilated, and there is alveolar edema. 
X go. 
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Fic. 4. R2. Survival 1 hour and 45 minutes. Lung. A greatly dilated pulmonary 
blood vessel contains a thrombus. There are endothelial swelling and collections 
of leukocytes along the endothelial surface. X 100. 


Fic. 5. R12. Survival 48 hours. Lung. There is a large zone of hemorrhagic 
necrosis about a central bronchus. X 15. 


Fic. 6. R12. Survival 48 hours. Lung. Surrounding the bronchus is a zone of 
edema and hemorrhagic necrosis. In the lower part of the photograph the out- 
lines of alveolar walls can be seen. There is an acute inflammatory exudate in 
the peribronchial connective tissues. X 70. 


Fic. 7. R11. Survival 24 hours. Lung. A parabronchial blood vessel shows an 


infiltration of neutrophils, principally in the subendothelial, adventitial, and 
periadventitial regions. X 300. 
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Fic. 8. R13. Survival 4 days. Lung. A field at the margin of a zone of hemor- 
rhagic necrosis shows evidence of repair. The alveoli are lined by plump cells 
giving the appearance of epithelialization. X 300. 


Fic. 9. R23. Survival 55 minutes after injection of undiluted toxin. A solution of 
trypan blue was introduced into the inferior vena cava 10 minutes before 
death. Trachea and lungs, posterior aspect. There is complete exclusion of the 
dye from the right superior and middle lobes and much of the right infero- 
lateral lobe. 


Fic. 10. R28. Survival after intratracheal injection of dilute toxin. A solution of 
trypan blue was introduced into the inferior vena cava 10 minutes before 
death. Portion of trachea and lungs, posterior aspect. There are small, clearly 
demarcated, peripheral regions unstained by the dye. 
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ENHANCED SUSCEPTIBILITY OF PROLIFERATING ENDOTHELIUM 
TO SALIVARY GLAND VIRUS UNDER NATURALLY 
OCCURRING AND EXPERIMENTAL CONDITIONS* 


F. Vocer, M.D. 


From the Department of Pathology, The New York Hospital-Cornell Medical Center, 
New York, N.Y. 


The endothelial cells of proliferating capillaries in a chronic perito- 
nitis of a youth, herein described with disseminated salivary gland 
virus disease, were enlarged and contained numerous inclusion bodies. 
This was in conspicuous contrast to the absence of cytomegaly and 
inclusions in the endothelium elsewhere and to the extreme rarity of 
this phenomenon in other cases of disseminated salivary gland virus 
disease.* The observation suggested the possibility that proliferating 
endothelial cells have enhanced susceptibility to the salivary gland 
virus. This possibility was tested experimentally. 


REPoRT OF A CASE 


A 10-year-old schoolboy developed fever, sore throat, enlargement of the cervi- 
cal lymph nodes, malaise, and epistaxis. During the subsequent 10 weeks there 
were intermittent episodes of fever, anorexia, and malaise with a 20 pound weight 
loss. 

An examination performed upon admission to the hospital 20 days prior to 
death showed a cachectic child with icterus of the skin and sclera. The nasal septum 
was covered with dried blood. There was cheilosis. Peripheral lymph nodes were 
enlarged, firm, and discrete, measuring up to 1.5 cm. across. The lungs were clear. 
The heart was not enlarged, and a soft, nontransmitted, systolic murmur was 
audible at the apex. The abdomen was protuberant. The liver edge was firm and 
extended 9 cm. below the costal margin. The border of the spleen was 21 cm. 
beneath the left costal margin. The neurologic examination was normal. 

Laboratory studies disclosed a white blood count of 4,500 per cm.® with 76 
per cent lymphocytes, 13 per cent neutrophils, 2 per cent band forms, and 9 per 
cent monocytes. The hemoglobin was 1o gm. per 100 ml. The urine had a specific 
gravity of 1.013 and gave no reaction for protein or sugar. L.E. preparations, 
Coombs’s test, and heterophile, Brucella, and Weil-Felix agglutination reactions 
were all negative. A blood culture was also negative. The serum bilirubin level 
was 7.6 mg. per cent. The serum albumin was 2.7 gm. per cent; the globulin 1.0 
gm. per cent. The serum alkaline phosphatase was 37.5 Bodansky units, and a 
cephalin flocculation test was negative. The prothrombin time was greater than 
2 minutes; the bleeding time, 11.5 minutes, and the clotting time, 10 minutes. 
The stool was negative to the guaiac test. A bone marrow examination revealed 
mild erythroid hyperplasia. 

The patient weakened progressively with frequent temperature elevations to 
39°C. A splenectomy and liver biopsy were performed on the tenth hospital day. 
The liver showed periportal lymphocytic infiltrations with intranuclear inclusions 


* This investigation was supported by a research grant B-803 from the National 
Institute of Neurological Disease and Blindness of the National Institutes of Health, 
United States Public Health Service. 
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in parenchymal cells. The spleen weighed 1,900 gm. It contained many small 
hemorrhages and foci of necrosis but no demonstrable inclusions. On the third 
day following operation the patient became febrile, and the surgical incision 
exuded purulent material from which hemolytic Staphylococcus aureus was cul- 
tured. The abdomen became protuberant, and 3,600 cc. of sanguinous fluid was 


removed by paracentesis. Signs and roentgenologic evidence of bronchopneumonia 
developed and death occurred on the 2oth hospital day. 


Necropsy Observations 


The body was that of an extremely cachectic white youth weighing 
29 kg. The abdomen was protuberant and contained 500 cc. of sero- 
sanguinous fluid. 

The submaxillary glands were not grossly altered but on microscopic 
examination showed focal lymphocytic infiltrations. Some acinar cells 
in these areas and lesser numbers of free-lying cells in the ducts were 
enlarged and contained conspicuous intranuclear inclusion bodies. 
Most affected cells had a single nucleus, but some were binucleated and 
a few were multinucleated. The intranuclear inclusions measured 10 
to 12 w across. They were weakly acidophilic and had a finely granular 
and somewhat ordered architecture. A clear halo was present about 
each, and in this zone the chromatin material was marginated toward 
the nuclear membrane. The cytoplasm was regularly abundant (Fig. 
1). In some cells there were zones of cytoplasmic rarefaction which 
contained small, pale, granular inclusion bodies. These stained posi- 
tively with periodic acid. 

The lungs weighed 1,190 gm. There were numerous, widely dis- 
persed and confluent, gray, indurated areas of consolidation. These 
showed, on microscopic examination, an intra-alveolar exudate of 
fibrin with numerous macrophages and lesser numbers of lymphocytes, 
neutrophils, and erythrocytes. There were multitudes of enlarged 
mononucleated and binucleated cells containing prominent, deep- 
staining, intranuclear inclusion bodies. These were most abundant in 
the alveolar exudate adjacent to the alveolar septums. Lesser numbers 
were present in the exudate that filled many of the small bronchi and 
bronchioles (Fig. 2). 

The heart weighed 210 gm. It was not grossly abnormal. Many 
histologic sections from representative portions showed small, discrete, 
focal lymphocytic infiltrations at all depths of the myocardium. There 
was minimal necrosis. However, several myocardial cells were notably 
enlarged and their rounded nuclei contained conspicuous inclusion 
bodies. 

The liver weighed 1,700 gm. Throughout the parenchyma and most 
marked in the periportal regions there were dense lymphocytic infil- 
trations. Many of the parenchymal cells were enlarged with abundant 
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coarsely granular cytoplasm and rounded nuclei that frequently con- 
tained conspicuous inclusion bodies. The pancreatic acinar tissue was 
also focally infiltrated by lymphocytes. Several acinar cells were 
notably enlarged and showed intranuclear and intracytoplasmic inclu- 
sion bodies. 

The adrenal glands weighed 7.3 gm. together. The cortices contained 
small nodular foci of necrosis measuring up to 0.5 cm. across. These 
were characterized histologically by dense infiltrations of granulocytes 
and lesser numbers of lymphocytes and macrophages. There was much 
necrosis of the parenchyma, and many of the cortical cells were en- 
larged and contained intranuclear inclusion bodies. The medullary 
tissues were unaffected. 

The kidneys were symmetrically enlarged and together weighed 
370 gm. They contained moderately dense, focal and linear, interstitial 
leukocytic infiltrations that were most marked in the outer margins of 
the cortex. Several tubular epithelial cells were enlarged and con- 
tained intranuclear inclusions. The capsule of the left kidney was 
thickened by loose fibrous tissue, and several of the fibroblasts showed 
elongated intranuclear inclusion bodies. 

The mucosa of the distal esophagus and stomach was ulcerated in 
multiple discrete areas measuring less than one cm. across. Fibro- 
blasts at the base of the esophageal ulcers contained fusiform intra- 
nuclear inclusion bodies; similar inclusions were also present in 
enlarged smooth muscle cells of the adjacent muscularis. Numerous 
intranuclear inclusions were present throughout the gastric mucosa. 
They were most abundant within the cardia and particularly at the 
bases of the glands. Individual cells were enlarged, and their abundant 
cytoplasm stained more intensely than that of adjacent normal gland- 
ular epithelium. The chromatin in the enlarged nuclei was coarse and 
clumped, and in many nuclei there were prominent inclusion bodies. In 
lesser numbers, the interstitial cells of the mucosa were also enlarged 
and contained intranuclear inclusions. Both the glandular and inter- 
stitial cells of the duodenum, jejunum, and ileum were similarly 
affected but in lessening degrees. The mucosal epithelium of the ap- 
pendix, cecum, and colon contained no demonstrable inclusions. How- 
ever, enlarged, inclusion-bearing, interstitial cells were present sparsely 
throughout the colon. 

The striated muscles of the diaphragm and of the psoas region were 
examined. Each contained nodular lymphocytic infiltrations. Many 
muscle cells in these regions were enlarged and often multinucleated. 
Some contained characteristic intranuclear inclusion bodies. 

The brain was edematous and weighed 1,350 gm. There were patchy 
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perivascular lymphocytic infiltrations in the cerebral and cerebellar 
tissues. These were most conspicuous in the infundibular, hypothal- 
amic, and mural regions of the third ventricle. Several poorly-formed 
intranuclear inclusions were present in the infundibulum. The host 
cells had rounded nuclei with inconspicuous nucleoli and scant cyto- 
plasm. They most closely resembled astrocytes. Larger and entirely 
characteristic intranuclear inclusions were contained within glial cells 
of the posterior lobe of the pituitary. The choroid plexus of each 
ventricle was densely infiltrated by lymphocytes and large mononu- 
clear cells. Several of the latter contained intranuclear inclusion bodies. 

The entire peritoneum, most conspicuously that covering the stom- 
ach and diaphragm, was moderately thickened by a mesh of fibroblasts 
and small blood vessels. This was lightly but diffusely infiltrated by 
large monocytes and lymphocytes. The outer surfaces were thickly 
covered with fibrin. Many of the endothelial cells of the capillaries 
and small blood vessels were conspicuously enlarged and’ contained 
prominent intranuclear inclusions (Fig. 4). Lesser numbers of fibro- 
blasts and mesothelial cells were also enlarged and contained rounded 
or elongated intranuclear inclusion bodies. 


EXPERIMENTAL STUDY 
Materials and Methods 


The experimental study was carried out by injecting the mouse 
strain of salivary gland virus intraperitoneally in mice with focal 
granulomatous peritonitis induced by means of sterile sand. The sus- 
ceptibility of proliferating endothelium in the granulomas and of the 
nonproliferating endothelium in other sites of the peritoneum were 
determined by microscopic study. 

Animals. Young Swiss mice weighing 18 to 20 gm. were used. 

Virus. The mouse strain of salivary gland virus was procured from 
Dr. Margaret Smith, St. Louis. Intraperitoneal injections of 0.2 cc. 
of a 1:10 suspension of the salivary gland tissue in saline regularly 
induced extensive necrosis in the livers and spleens of the young mice. 
There were multitudes of intranuclear inclusions in these organs, and 
death of the host ensued within 4 to 6 days. Comparable subcutaneous 
injections induced latent infections in the salivary glands with develop- 
ment of cytomegaly and intranuclear inclusions after 7 to 14 days. 

Production of Granulomas. Sterile sand was ground vigorously 
with a mortar and pestle in small quantities of sterile saline. The finely 
particulate material, in a cloudy suspension, was used for intraperito- 
neal injection in amounts of 0.5 cc. To study the development of the 
granulomas, pairs of mice were sacrificed daily for 14 days. 
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Induction of Viral Infection. Mice in groups of 20, with granulomas 
5 and ro days old, received 0.2 cc. of a 1:10 saline suspension of mouse 
salivary gland tissue intraperitoneally. This, as proven by histologic 
examination, contained numerous pathognomonic, cytomegalic, in- 
clusion-bearing cells. Comparable groups of mice without sand granu- 
lomas received similar injections for control purposes. All animals 
were sacrificed just prior to death after 4 to 6 days. 

Histologic Preparations. As routine, small portions of tissue from 
the peritoneal granulomas and from many additional sites in the 
peritoneum, liver, and spleen of animals in the experimental and con- 
trol groups were fixed in Bouin’s solution. The paraffin embedded 
tissues were sectioned at 4 » and stained by hematoxylin and eosin. 


The Susceptibility of the Mouse Endothelium to the 
Mouse Strain of Salivary Gland Virus 


Sand Granulomas. The sterile sand granulomas were often localized 
immediately beneath the anterior abdominal wall at the injection site, 
encased by loops of small intestine and omentum. Smaller nodules 
were regularly distributed elsewhere, particularly in the omentum and 
over the capsules of the liver and spleen. The silica was abundant in 
the central portions of the nodule, encapsulated by large fibroblasts 
and macrophages. There were numerous medium-sized blood vessels 
and blood-filled capillaries. The endothelial cells had plump, slightly 
pleomorphic, elongated nuclei. None contained inclusion bodies. The 
vascular proliferation was pronounced in 5-day-old granulomas; it 
was more conspicuous in lesions examined during the subsequent 5 
days, and was thereafter obscured somewhat by fibroblastic prolifera- 
tion and early deposition of collagen. 

Granulomas with Virus. The proliferating endothelium of the capil- 
laries and small blood vessels in the sand granulomas of mice which 
received both sand and salivary gland virus were notably more pleo- 
morphic than those in animals receiving sand alone. The nuclei and 
cytoplasm of very many proliferating endothelial cells were approxi- 
mately twice the expected size, and great numbers contained con- 
spicuous, deep-staining, intranuclear inclusion bodies (Fig. 5). Young 
fibroblasts of the granulomas were also affected to a lesser degree. The 
intensity of the leukocytic infiltration and the amount of necrosis in 
these tissues were notably greater than in sand granulomas not har- 
boring the virus. As was true also in control animals without granu- 
lomas, the liver and spleen regularly contained multitudes of 
intranuclear inclusions and much necrosis. The mesothelial cells of all 
animals contained few inclusion bodies. The endothelial cells in the 
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peritoneum of control animals without granulomas which received 
the virus, and the nonproliferating endothelial cells at a distance from 
the granulomas in the peritoneum of mice in the experimental groups, 
as well as the endothelial cells in the livers and spleens of all animals 
regularly failed to show cytomegaly or intranuclear inclusions. 


Discussion 


The observations make it clear that proliferating endothelium of 
mice manifests an enhanced susceptibility to the mouse strain of the 
salivary gland virus. The presence of widely disseminated lesions in 
the livers and spleens of the same animals provides evidence of a 
viremia and makes it seem unlikely that the preferential localization 
in the inflammatory sites is solely a manifestation of greater accessi- 
bility of these tissues to the virus. The cause of the enhanced cellular 
susceptibility remains wholly obscure. However, the findings are in 
general agreement with previous observations that proliferating epi- 
thelial cells show a greater susceptibility to the Shope papilloma virus 
than does normal epithelium.? They have added interest since it has 
been clearly shown that in one instance proliferating neoplastic cells 
manifested a decreased susceptibility to the salivary gland virus. Mice 
bearing methylcholanthrene-induced carcinomas of the acinar epithe- 
lium of the salivary glands, when inoculated subcutaneously with the 
salivary gland virus, have failed to show cytologic evidence of viral 
localization in the neoplastic tissue while cytomegaly and intranuclear 
inclusions were present in abundance in the contiguous parotid gland.* 

The human strain of the salivary gland virus has generally exhibited 
wide infectivity but low virulence. Routine postmortem examinations 
of the salivary tissues of fetuses and infants below the age of 2 years 
have disclosed cytologic® and cultural® evidences of latent infections 
in up to 30 per cent of cases. The host resistance is notably less during 
these periods, and many examples of fatal disseminated disease are 
recorded. By contrast, infections have been rarely noted in children 
above the age of 2 years or in adults.’ Characteristic cytomegaly and 
intranuclear inclusions have been observed in the lung, adrenal, and 
gastrointestinal tract, but in most instances the viral infection is super- 
imposed upon and terminates another chronic illness. Spontaneous 
infections by species specific viral strains® have also been noted in 
chimpanzees,® monkeys,’° and rodents.** 

The viral dissemination and cellular localization was unusually 
widespread in the present case.. As in others,’ the salivary glands, 
heart, lungs, liver, pancreas, adrenals, kidneys, stomach, small and 
large intestine, pituitary, and central nervous system contained lesions. 
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In addition, and uniquely, the mesothelium and proliferating endo- 
thelium of the peritoneum, the smooth muscle of the esophagus, and 
the skeletal musculature of the diaphragm and psoas regions were also 
affected. This fatal infection in an otherwise healthy youth broadens 


the concepts of the host and cellular susceptibility to the salivary gland 
virus. 


SUMMARY 


A 10-year-old boy with a fatal disseminated salivary gland virus in- 
fection showed characteristic cytomegaly with intranuclear and intra- 
cytoplasmic inclusions in the salivary gland, heart, lung, liver, pancreas, 
adrenals, kidney, esophagus, gastrointestinal tract, central nervous 
system, smooth and skeletal muscle, and conspicuously in the endo- 
thelium and mesothelium of a chronic proliferative peritonitis. 

The presence of cytomegaly and intranuclear inclusions in the pro- 
liferating endothelial cells of the peritoneum and their absence 
elsewhere in nonproliferating endothelium suggested that these cells 
have increased susceptibility to the salivary gland virus during matu- 
ration. Experimental studies made it clear that proliferating endo- 
thelial cells of the blood vessels in sand granulomas of mice have a 
notably greater susceptibility to the mouse strain of salivary gland 
virus than does nonproliferating endothelium elsewhere in the same 
animal. The findings broaden previous observations on the effect of 
cellular state upon the susceptibility to viruses. 
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LEGENDS FOR FIGURES 
Sections illustrated are all stained with hematoxylin and eosin. 


Fic. 1. A cytomegalic cell lying free in a duct of the submaxillary gland of a 
10-year-old boy dying of disseminated salivary gland virus disease. The 
nucleus is greatly enlarged and occupied by a huge intranuclear inclusion 
body. This has a somewhat ordered vesiculated structure. A few chromatin 
granules are marginated toward the pale nuclear membrane within the halo 
about the inclusion body. The abundant cytoplasm is finely granular. X 1,900. 


Fic. 2. The alveolar exudate in the lung is formed of fibrin, leukocytes, and red 
blood cells. Many enlarged cells with prominent intranuclear inclusions are 
present. X 450. 

Fic. 3. In the bases of the gastric glands there are two enlarged epithelial cells 
without inclusion bodies and two that show characteristic intranuclear inclu- 
sions. X 650. 
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Fic. 4. The serosa of the stomach shows a chronic proliferative peritonitis that 
is formed of fibroblasts, fibrin, and round cells. The proliferating capillary 


endothelium is pleomorphic and one cell contains a conspicuous intranuclear 
inclusion. X 275. 


.5. Section of a sand granuloma of a mouse harboring the salivary gland 


virus. There are numerous enlarged, pleomorphic endothelial cells lining the 
proliferating blood vessels. Many of these have conspicuous intranuclear 
inclusions. There is excessive necrosis and leukocytic infiltration in the 
granulomatous tissue. X 450. 
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ISOTHIOCYANATE COMPOUNDS AS FLUORESCENT LABELING 
AGENTS FOR IMMUNE SERUM * 


J. L. Rices, M.A.; R. J. Serwaxp, Ph.D.;¢ J. H. Burcxwarter, Ph.D.; 
C. M. Downs, Ph.D., and T. G. Metcatr, Ph.D.t 

From the Department of Bacteriology and the Laboratory of Pharmaceutical 
Chemistry, University of Kansas, Lawrence, Kans. 

Since the use of fluorescein labeled antibodies for the selective 
staining of homologous antigens was introduced by Coons and asso- 
ciates,** the technique has received wide use and has proved to be a 
valuable tool in immunologic and microbiologic studies. In addition 
to the use of fluorescein isocyanate as a labeling agent, as described 
by Coons, the use of an orange fluorescing isocyanate of rhodamine B 
has been reported by Silverstein, Eveland and Marshall. By using 
the rhodamine B labeled antibody simultaneously with a different 
antibody labeled with fluorescein isocyanate, they were able to differ- 
entiate between two organisms of unlike antigenic composition in the 
same smear preparation, one organism appearing red-orange and the 
other yellow-green when viewed in the ultraviolet microscope. 

Because of the difficulty in preparation, the danger in the use of 
phosgene, and the instability of the isocyanates described by Coons and 
Silverstein, we have undertaken studies to determine if the synthesis 
of the labeling agents could be simplified and if a chemically active 
group other than isocyanate could be used in coupling the fluorescent 
dyes with immune globulin. Recently Goldman and Carver* overcame 
the instability of fluorescein isocyanate by absorption to filter paper 
and have described a simple method of labeling the antiserum. 

The present report deals with the synthesis of stable, solid isothio- 
cyanates of fluorescein and rhodamine B and the use of these two 
compounds in “labeling” antibodies for the specific staining of anti- 
gens. The dyes have been used in both the direct method of Coons? 
and the indirect method of staining as given by Weller and Coons,° 
and have shown satisfactory fluorescence when labeled antibody is 
applied to bacterial smears, bacteria in tissue, and to rickettsiae, bac- 
teria, and viruses in cultured cells. 


* This work was supported in part by a grant from the National Institutes of Health, 
United States Public Health Service; and from the general Research Fund of the Univer- 
sity of Kansas. 

Received for publication, March 15, 1958. 

+ Present Address: Department of Chemistry, University of San Francisco, San Fran- 
cisco, Calif. 

t Present Address: Department of Bacteriology, University of New Hampshire, 
Durham, N.H. 
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MATERIALS AND METHODS 
Organisms 


Bacillus anthracis strain Ax 16 was grown in Burdon’s modification 
of Thorne’s medium ® to favor capsule formation. Pasteurella tularensis 
was grown in glucose cysteine blood agar and in mouse fibroblast (L 
cells).’ Rickettsia typhi, Wilmington strain, was cultivated in chick 
entodermal cells. Adenovirus RI-67 was grown in human liver cells.® 


Antiserums 


Anti-anthrax and anti-tularemia serums were prepared in rabbits 
by the injection of formalinized suspensions of the respective bacteria. 
Antiserum for R. typhi was convalescent serum from a human source 
and had a complement fixation titer of 1:32. Serum against RI-67 
was prepared by the injection of virus into rabbits. Anti-rabbit serum 
was used in the indirect test and was prepared by the injection of rab- 
bit serum into a goat. Anti-human serum was prepared by the injection 
of human serum into rabbits. The globulin-containing antibodies were 
precipitated from the whole antiserums by 3 precipitations with one 
half saturated ammonium sulphate. The ammonium sulphate was re- 
moved by dialysis and the precipitated globulin dissolved in buffered 
saline, pH 7.2. Before conjugation, the protein content of the globulin 
antibody was determined, and the conjugation with the fluorescent 
dyes carried out as given below. 


Application of Labeled Antibody 


All slides prepared from bacteria were dried and fixed with gentle 
heating. Rickettsia or virus infected cells grown on cover slips were 
washed in buffered saline, fixed in cold acetone for 15 minutes and 
stored in the refrigerator until treated with labeled antiserum. 


Direct Procedure 


In this method the slides were treated with a labeled antiserum 
corresponding to the antigen used to prepare the slide. The length of 
time for application of the antibody and the time of washing must be 
worked out individually for each type of antigen used. As a rule, 
antiserum was applied for 20 minutes at 37° C. The slides were then 
washed in 4 changes of buffered saline for 20 minutes and mounted in 
buffered glycerol. The glycerol used for mounting fluorescein isothio- 
cyanate stained slides was buffered at pH 8.0, that for rhodamine B, 
at pH 7.2. 
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Indirect Procedure 


The slides were reacted with unlabeled specific antiserum for 15 
minutes at 37° C., then washed for 10 minutes in 3 changes of buffered 
saline. The preparation was then treated with labeled antiserum corre- 
sponding to the specific antiserum. 


Controls 


The specificity of the reactions was shown by lack of staining with 
labeled normal serum or by the blocking technique described by Coons,” 
in which unlabeled specific antiserum was applied prior to treatment 
with labeled antiserum. No staining was evident in these controls as 
the normal serum was readily removed by washing, and in the blocking 
technique antibody sites were already occupied by unlabeled antibody. 


Microscope 


The ultraviolet microscope consisted of the Reichert-Hacker “Lux” 
X equipment, fitted with a maximum-pressure mercury vapor arc 
lamp, type HBO 200. The ultraviolet filter used was the Reichert UV 
pass filter No. BG 12, thickness 1.5 mm. This ultraviolet source was 
used in conjunction with a standard Leitz monocular research micro- 
scope fitted with the normal glass optical system of lenses. A Leitz 
Euphos protective filter, thickness 1.5 mm., was fitted in the ocular. 
The condenser was an aplanatic darkfield condenser used without a 
funnel stop in the objective. 


EXPERIMENTAL RESULTS 
The Synthesis of Fluorescein Isothiocyanate I * 


Nitrofluorescein Diacetate I. Nitrofluorescein and its two isomeric 
diacetates were prepared according to the method of Coons.’ Only the 
diacetate isomer I was used in the following preparation. 

Amino fluorescein Diacetate I. A suspension of 5.0 gm. (0.011 mole) 
of finely divided nitrofluorescein diacetate I and 1 gm. of Raney nickel 
catalyst in 200 ml. of absolute ethanol was hydrogenated at 50 pounds 
pressure until hydrogen ceased to be taken up. Application of heat to 
the reaction vessel by means of a heat lamp greatly accelerated the 
reaction. The solution gradually assumed a bright blue fluorescence 
during the hydrogenation. The reaction mixture was filtered to remove 


* The chemical syntheses reported are reproducible and give reproducible biological 
results. However, as in the case of the isocyanates, the analytically pure isothiocyanates 
are difficult to obtain. Further chemical studies are being carried out. 
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the catalyst, the solution was evaporated to a volume of about 30 ml., 
and the residue poured into 1 liter of ice water. The light tan solid 
product was collected on a. filter, washed with water and dried. It 
weighed 4.3 gm. (88 per cent yield) and melted over a range, 145° to 
160° C. 

Analysis: Calculated for C.,H,;NO, * H,O: C, 64.14; H, 4.26; N, 
3.12; H,O, 4.01. Observed: C, 64.02; H, 4.46; N, 3.01; H.O, 3.84. 

Fluorescein Isothiocyanate I. A solution of 5 gm. of aminofluores- 
cein diacetate I in 20 ml. of acetone was added by drops to a stirred 
solution of 4 ml. of thiophosgene (Rapter Laboratories, P.O. Box 4050, 
Chicago 54, Illinois) in 20 ml. of acetone at 40° C. The solution was 
then heated at reflux temperature for 4 hours. The solvent and excess 


$:C-N S-C-N 
Text-figure 1. Fluorescein isothiocyanate (left) ; rhodamine B isothiocyanate (right). 


thiophosgene were removed under reduced pressure, the residue dis- 
solved in 20 ml. of acetone, and the solution added by drops to 1,200 
ml. of rapidly stirred Skellysolv B.* The precipitated orange solid 
was collected on a filter washed with Skellysoly B and dried. It 
weighed 4.3 gm. The product decomposed upon heating: it did not melt. 

The infra-red spectrum resembled that of fluorescein except that a 
strong isothiocyanate peak® occurred near 2,100 cm™. It appeared 
that at least one and probably both of the acetate groups had been re- 
moved during the reaction with thiophosgene. In contrast to fluores- 
cein isocyanate obtained from Coon’s deacetylated aminofluorescein I, 
this product was very soluble in acetone and acetone water mixtures. 
It was at least as fluorescent as the Coons isocyanate, and it was stable 
in solid form. Occasionally, batches gave a lighter or darker product, 
but the color of the isothiocyanate did not appear to influence the 
fluorescence of the protein conjugate. 


* Skellysolv B, which has a boiling point of 60° to 70° C., is principally n-hexane but 
also contains n-pentane and n-heptane. It was obtained from the Skelly Oil Company, 
605 West 47th St., Kansas City, Mo. 
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The Synthesis of Rhodamine B Isothiocyanate * 
4-Nitrophthalic Acid. This material (Eastman Kodak Company, 
Rochester, New York) was used without further purification. 
4-Nitrophthalic Anhydride. The anhyride was prepared by heating 
the acid for 2 hours at 170° to 175° C. After cooling, the light tan 
solid was powdered and was used without further purification; melting 
point, 115° to 117° C. 

Nitrorhodamine B. The plan for this preparation was suggested by 
German patent 85931 (1897) although the procedure is quite different. 

A suspension of 4.8 gm. (0.0025 mole) of the finely powdered 
anhydride in roo ml. of xylene was heated with vigorous stirring until 
reflux temperature was reached. While the mixture was maintained at 
just below reflux temperature, a solution of 8.2 gm. (0.005 mole) of 
m-diethylaminophenol (Eastman) in 50 ml. of xylene was added by 
drops over a period of 30 minutes. At this point, the solution was 
usually red, and it might also contain a finely divided solid. The mix- 
ture was kept at reflux temperature for 18 hours, although stirring was 
usually discontinued after 2 hours. 

The dark purple solution was distilled at slightly diminished pres- 
sure until the remaining volume was abqut 30 ml. On cooling, a thick 
gum precipitated. The xylene layer was decanted, the residual gum 
washed with 30 ml. of cold xylene and then dissolved in 200 ml. of 
boiling chloroform. The solution was filtered, cooled, and poured into 
800 ml. of cold, rapidly stirred Skellysolv B. The precipitated solid was 
washed with Skellysolv B and dried. The magenta powder weighed 
9.15 gm. (75 per cent yield) and melted over a wide range. 

Aminorhodamine B. A suspension of 2.0 gm. (0.004 mole) of nitro- 
rhodamine B and 1 gm. of Raney nickel in 200 ml. of absolute ethanol 
was hydrogenated at 50 pounds pressure and 35° C. temperature for 
16 hours. During this time, the nitrorhodamine completely dissolved 
and absorbed the theoretic amount of hydrogen. The solution was 
filtered to remove the catalyst, evaporated to a volume of 30 ml., and 
poured in a thin stream into 400 ml. of cold Skellysolv B. The precipi- 
tated solid was collected, washed with Skellysolv B and dried. It 
weighed 1.45 gm. (78 per cent yield) and exhibited a brilliant red 
fluorescence when dissolved in slightly acidulated alcohol. 

Rhodamine B Isothiocyanate. One gm. of aminorhodamine B was 
suspended in 15 ml. of acetone and the suspension added by drops to 
a solution of 1 gm. of thiophosgene in 5 ml. of acetone contained in a 

* The chemical syntheses reported are reproducible and give reproducible biologic 


results. However, as in the case of the isocyanates, analytically pure isothiocyanates are 
difficult to obtain. Further chemical studies are being carried out. 
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50 ml. Erlenmeyer flask equipped with a magnetic stirrer. The re- 
sultant slurry was stirred at 40° C. for 8 hours, cooled, filtered, and 
the filtrate concentrated to 4 gum. The gum was redissolved in 5 ml. 
of acetone and the solution poured into 200 ml. of Skellysolv B. The 
magenta solid weighed 0.85 gm. and melted over a wide range. The 
substance exhibited a bright orange-red fluorescence and possessed a 
characteristic isothiocyanate absorption band at approximately 2,100 
cm", in the infra-red.® 
Conjugation Procedure 

The protein content of the immune globulin to be conjugated was 
determined by either the standard micro-Kjeldahl procedure or by the 
modification of Folin’s method reported by Lowry, Rosebrough, Farr 
and Randall.’° 

The following reagents were combined in an Erlenmeyer flask fitted 
with a mechanical stirrer: 10 ml. saline (0.85 per cent NaCl), 3 ml. 
carbonate-bicarbonate buffer (0.5 M, pH 9.0), 2 ml. acetone (reagent 
grade). The mixture was cooled in an acetone-dry ice bath until crys- 
tals of ice formed. To this cooled mixture was then added, with stir- 
ring, to ml. of the diluted globulin fraction of known protein 
concentration. This mixture was again cooled in the cold bath until 
crystals of ice formed, and to this cooled, stirred solution was added 
slowly 1.5 ml. of acetone containing the required amount of fluorescein 
isothiocyanate or rhodamine B isothiocyanate (0.05 mg. of dye per 
mg. of protein). After addition of the solution of the dye in acetone, 
the mixture was transferred to the cold room (4° C.) and stirring was 
continued for 18 hours. The mixture was then transferred to a mechan- 
ical dialyzer, and dialyzed against phosphate buffered saline (0.01 M, 
pH 7.2) until the dialysate showed no fluorescence when viewed with 
a small portable ultraviolet light. 

The conjugate was then filtered through a Millipore filter, put up in 
2 ml. aliquots, shell frozen, and stored in the dry ice chest until used. 
Before using, all antiserums were adsorbed with mouse liver powder 
prepared by Coon’s method." 


Use of Labeled Antiserum 


Bacillus anthracis. Antiserum prepared against B. anthracis as de- 
scribed was used in the indirect method originated by Coons.° Slides 
thinly inoculated with the organisms grown on Burdon’s modification 
of Thorne’s medium were prepared, fixed with heat, and treated with 
specific antiserum prepared in the rabbit. After washing, the slide was 
treated with anti-rabbit serum prepared in the goat and conjugated 
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with fluorescein isothiocyanate. Under the microscope the organisms 
were well seen, and the capsule was brilliantly outlined by green fluores- 
cence (Fig. 1). The same procedure, with the use of the goat anti- 
rabbit serum conjugated with rhodamine B isothiocyanate, gave a 
fluorescence of an orange-red color (Fig. 6). 

Pasteurella tularensis. The direct procedure was used in this experi- 
ment with the antiserum obtained from the rabbit as described. The 
slides were prepared as for B. anthracis and treated with the labeled 
anti-P. tularensis serum. The organisms appeared in the fluorescent 
microscope as small coccoid to oval bodies fluorescing a bright yellow- 
green (Fig. 2). 

The specificity of the staining of B. anthracis and P. tularensis was 
demonstrated by treatment of smears with labeled normal serum. 
Such smears, after washing and mounting in glycerin, show no fluores- 
cence. Blocking of the specific reaction was shown by application of 
unlabeled specific antiserum. The prior application of the unlabeled 
serum prevented the attachment of the labeled antiserum and no, or 
only slight, fluorescence was seen upon examination under ultraviolet 


light. 
. Double Staining with Red and Green Dyes 


In this experiment, smears were made containing both B. anthracis 
and P. tularensis. Anti-anthrax serum labeled with the rhodamine B 
isothiocyanate and anti-tularemia serum labeled with fluorescein iso- 
thiocyanate were applied ad seriatum and the slide washed and 
mounted as before. The contrast between the specifically stained red 
B. anthracis rods and the green coccoid P. tularensis was well seen. 


Demonstration of Specific Staining of Infected Cultured Cells 


P. tularensis, R. typhi, and adenovirus (RI-67) were all well dem- 
onstrated by the use of specific labeled antiserum. P. tularensis was 
grown in the mouse fibroblast (L cell) in Scherer’s medium™ contain- 
ing horse serum.** Cover slips were removed and fixed in cold acetone 
for 15 minutes, stained with labeled anti-tularensis serum and exam- 
ined after mounting in glycerin (Fig. 3). 

Entodermal cells of chick embryos were cultivated on cover slips 
following the method of Weiss and Pietryk.** They were infected with 
R. typhi and 8 days after infection were treated with fluorescein 
labeled human convalescent serum. The rickettsiae appeared as bright 
fluorescent rods within the cytoplasm of the infected cells (Fig. 4). 

Adenovirus RI-67 was grown in liver cells and cover slips removed 
at 12, 24, 48, and 72 hour intervals after infection. The immune serum 
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was conjugated with fluorescein isothiocyanate used as described 
above. The virus was demonstrated in the nuclei of liver cells 48 hours 
after infection with 10° TCIDs. of adenovirus (Fig. 5). Fluorescence 
was observed 24 hours after infection, but not after 12 hours, and the 
fluorescence increased to confluent masses as the cells rounded. No 
fluorescent areas could be observed clearly in the cytoplasm. 


Demonstration of P. tularensis in the Infected Mouse 


White mice were inoculated by subcutaneous injection in the left 
inguinal region. The inoculum consisted of 25 and 250 organisms of 
P. tularensis as shown by plate count. Normal mice and infected mice 
were sacrificed at 18, 42, and 66 hours. Impression smears and cul- 
tures were made from the left inguinal lymph node, peritoneal fluid, 
spleen, liver, and heart blood. The impression smears were fixed in 
acetone and stained with fluorescein isothiocyanate labeled anti-tular- 
ensis serum. The lymph node, spleen and liver impressions first gave 
positive reactions at 42 hours in the mouse receiving 250 organisms 
(Fig. 7). At 66 hours, the mouse receiving 25 organisms showed 
fluorescent rods in the lymph node and spleen but not in the other 
smears examined. At this time all smears from the mouse which had 
received 250 organisms were positive. A faint fluorescence could be 
seen in impressions of normal tissue but was never confusing. Table I 
indicates the time at which P. tularensis was demonstrable by fluores- 
cence in the tissues of infected mice as compared to the time of appear- 
ance of characteristic colonies in glucose cysteine blood agar inoculated 
with infected tissues. The advantage in the use of fluorescent antibody 
as a diagnostic tool is readily seen. 


DISCUSSION 


One of the major difficulties encountered in the utilization of the 
fluorescent antibody technique is the synthesis of the labeling com- 
pound itself. The results obtained by the use of fluorescein isothio- 
cyanate and rhodamine B isothiocyanate as described indicate that 
some of these difficulties have been successfully overcome. The use of 
highly toxic phosgene gas in the synthesis of a reactive group was 
avoided by replacing it with thiophosgene, a less toxic liquid with a 
low boiling point. The products obtained were the isothiocyanates 
which were as reactive under the conditions used as was the isocyanate. 
Moreover, the isothiocyanate of fluorescein was obtained as an amor- 
phous yellow-orange powder, which was shown to be reactive 6 months 
after preparation, with no special care being taken to insure the 
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stability of the compound. The isothiocyanate of rhodamine B was a 
reddish-purple solid with stability paralleling that of fluorescein iso- 
thiocyanate. 

The specificity of the staining was demonstrated by a variety of 
controls; all of these proved to be negative, with no fluorescence in the 
control slides. The delicacy of staining can be seen in the accompany- 
ing illustrations. The structure of the organism B. anthracis was clearly 
manifested in the rhodamine B and fluorescein stained preparations. 


Taste I 
Demonstration of Fluorescence versus Growth of Colonies of P. tularensis 
(In Mice and Culture Medium) 
Mo. el Demonstration of organisms by fluorescent antibody 
introduced Spleen node Liver Blood 
a5 18 - - 
66 + - - 
250 18 - ~ 
66 + + + ~ + 
go + + + + + 
Demonstration of colonies by plate culture 
cad + = 
114 col. + - - 
114 + + + + a 
144 + + + i + 
114 te + + + 
114 + + + + + 


* Time elapsed after inoculation of mice. 


The capsules, cell walls, and septums between cells were all discerni- 
ble. In tissue culture preparations the specificity of the technique was 
also evident in comparing the staining characteristics of slides from 
uninfected cultures with those prepared from infected tissues. Non- 
specific fluorescence was absorbed by treatment of the serum with 
mouse liver powder prior to staining; uninfected cells then had only 
vague outlines when observed with the fluorescent microscope, while 
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the organisms or virus masses were clearly fluorescent in infected cells. 

Preliminary study of the orange-red fluorescence of rhodamine B 
dye indicated that there were many instances in which this dye could 
be used alone or in conjunction with the yellow-green fluorescence of 
fluorescein. Moody, Goldman and Thomason* showed that antiserum 
labeled with fluorescein isocyanate was a valuable adjunct to con- 
ventional diagnostic methods in the identification of micro-organisms. 
Silverstein and co-workers* proposed that a scheme of identification 
could be established by using two fluorescent dyes simultaneously. 
The specific staining of the dye-labeled antiserum makes this method 
a valuable tool where mixed cultures are encountered as shown by 
Moody and associates.** The indirect method of Weller and Coons® 
may create many possibilities in diagnostic methodology since a micro- 
organism, after treatment with specific antiserum, may then be stained 
with a labeled serum directed against the species used for the prepara- 
tion of the bacterial antiserum, thus utilizing one labeled antiserum 
against a variety of micro-organisms. The use of two dyes to study 
dual infection by two different viral agents and the interference phe- 
nomenon among animal viruses could be profitably investigated. 

Coons, Snyder, Cheever and Murray,’* Watson,’’ Buckley,’* and 
many others have used antiviral serums labeled with fluorescein iso- 
cyanate. Our results have indicated that the isothiocyanate labeled 
serums would be equally useful. 

Fluorescein isothiocyanate and rhodamine B isothiocyanate have the 
advantage over the isocyanates since they may be prepared with a 
less toxic substance, thiophosgene; the dyes themselves are stable as 
a dry powder over a period of 6 months. The preparation of the dyes 
is readily accomplished, different batches giving equally reliable prod- 
ucts. The stability of the labeled and frozen or dried antiserum has 
been tested over a period of many months, and its staining qualities 
have remained reliable. Judging from the results reported in this 
paper, the fluorescein isothiocyanates and rhodamine B isothiocyanates 
should be applicable to any of the staining procedures in which the 
isocyanates have been utilized. 


SUMMARY 


Two fluorescent isothiocyanate dyes have been synthesized for use 
in labeling antibodies. The advantages of these isothiocyanates over 
the corresponding isocyanates depend upon their stability in a solid 
form which allows their storage and use directly when needed. The 
substitution of a less toxic substance, thiophosgene, for the highly 
toxic phosgene gas offers added advantage. 
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The dyes were successfully conjugated with antiserums against 
different antigens. 


Specific staining of the following antigens was carried out, using the 
direct and indirect techniques: B. anthracis, P. tularensis, R. typhi, 
and adenovirus RI-67. 
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LEGENDS FOR FIGURES 


Fic.1. Bacillus anthracis grown in Burdon’s medium. Photograph of a smear 
treated with anti-anthrax serum prepared in the rabbit and stained with goat 
anti-rabbit serum labeled with fluorescein isothiocyanate. Prepared from a 
Superanscochrome color transparency. X 1,000. 


Fic. 2. Pasteurella tularensis grown on glucose cysteine blood agar. Photograph of 
a smear stained with anti-tularensis serum labeled with fluorescein isothio- 
cyanate. Prepared as in Figure 1. X 1,000. 


Fic. 3. P. tularensis growing intracellularly in mouse fibroblast (L cell) 96 hours 
after inoculation. The cover slip was stained with anti-tularensis serum la 
with fluorescein isothiocyanate. Prepared as in Figure 1. X 1,000. 
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Fic. 4. Rickettsia typhi growing intracellularly in giant cell from chick entoderm 
cultivated in vitro. Stained with convalescent human serum labeled with 
fluorescein isothiocyanate. Prepared as in Figure 1. X 1,000. 


Fic. 5. Adenovirus RI 67 grown in Chang’s liver cell tissue culture and stained 


with rabbit anti-RI 67 serum labeled with fluorescein isothiocyanate. Pre- 
pared as in Figure 1. X 1,000. 


a 
= 


Nov—Dec., 1958 ISOTHIOCYANATE COMPOUNDS 1095 


q 
= 
q 


1096 RIGGS, SEIWALD, BURCKHALTER, DOWNS, METCALF Vol. 34, No.6 


Fic. 6. B. anthracis treated with anti-anthracis serum, followed by staining with 


anti-rabbit serum labeled with rhodamine B isothiocyanate (indirect method). 
Superanscochrome. X 1,000. 


Fic. 7. P. tularensis in impression smear of mouse spleen 42 hours after subcu- 


taneous inoculation of 250 organisms. Stained with anti-tularensis serum 
labeled with fluorescein isothiocyanate. Superanscochrome. X 1,000. 
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MELIOIDOSIS: PATHOGENESIS AND IMMUNITY IN MICE 
AND HAMSTERS 
II. Srupres witH AvIRULENT SrRaAINs OF MALLEOMYCES 
PSEUDOMALLEI * 
Artour M. Dannenserc, Jr. M.D.,¢ and Eva M. Scorr, AB. 
From the Naval Medical Research Unit No. 1 and the Naval Biological Laboratory, 
Department of Bacteriology, University of California, Berkeley, Calif. 

A previous report’ described the pathogenesis of melioidosis caused 
by virulent strains of Malleomyces pseudomallei.t The present re- 
port describes the pathogenesis of melioidosis caused by two relatively 
avirulent strains of M. pseudomallei. In mice and hamsters, high but 
sublethal doses of these avirulent strains produced nonprogressive 
lesions and a generalized infection, which resulted in the development 
of significant immunity to challenge by virulent strains.? The bacterio- 
logic and pathologic aspects of this nonprogressive form of melioidosis 
are herein presented, in order to show the nature of resistance to this 
disease and the character of the virulence of this species of organism. 


MATERIALS AND METHODS 
Bacterial Strains 


Strains of M. pseudomallei designated in this laboratory as 102-7 
and 102-8 were derived as single colony isolates from an avirulent 
stock culture obtained from the Walter Reed Army Institute of Re- 
search and designated at that laboratory as No. 295. On 4 per cent 
glycerin beef extract agar, strain 102-7 formed rough, cream-colored, 
flat colonies, and strain 102-8 formed rough, slightly raised, yellow- 
orange colonies. The intraperitoneal LD, of strain 102-7 for mice and 
hamsters was approximately 110° organisms, that of strain 102-8 
was approximately 510°. Both strains were therefore considered 
relatively avirulent. They produced similar pathologic lesions. 


Determination of Number of Viable Bacteria in Whole Organs 


Whole organs were washed with 4 per cent glycerin beef extract 
broth (glycerin broth), and their volume determined by fluid displace- 


* This work was supported by the Bureau of Medicine and Surgery, Navy Depart- 
ment, and the Office of Naval Research. Opinions contained in this report are not to be 
construed as reflecting the views of the Naval Service (Article 1252, United States Naval 
Regulations, 1948). 

Received for publication, April 7, 1958. 

+ Lieutenant Commander, Medical Corps, United States Naval Reserve. 

t Melioidosis was first described by Whitmore and Krishnaswami in Rangoon, Burma, 
and not in the Malay States as stated in the first paper in this series! It was the 
classical study of Stanton and Fletcher® which came from the Malay States. 
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ment in a graduated 15 ml. centrifuge tube. The tissues were then 
ground with mortar and pestle without abrasive. Ten per cent suspen- 
sions were made by adding 9 volumes of glycerin broth to 1 volume of 
tissue. Polymyxin (100 units per ml.) was useful in avoiding contami- 
nation. At the concentration used, it had no apparent effect on bac- 
terial viability. The number of viable organisms per ml. of tissue 
suspension, determined by plating 10-fold serial dilutions, was used 
to calculate the total number of organisms contained in the entire 
organ. 

Other materials and methods were the same as those in the preceding 
report.* 


BEHAVIOR OF AVIRULENT STRAINS OF M. PSEUDOMALLEI IN MICE 


Stanton and Fletcher* found that repeated introduction of killed 
cultures of M. pseudomallei into laboratory animals conferred little 
immunity against parenteral infection. Unpublished work in this lab- 
oratory* not only confirmed these observations but also indicated that 
vaccines prepared from dead organisms were even less effective against 
respiratory challenge. On the other hand, as will be demonstrated in 
a succeeding paper,’ vaccination of mice and hamsters with live aviru- 
lent strains induced significant protection against this type of chal- 
lenge. The behavior of these avirulent strains in the tissues of the host 
was therefore studied in the hope of determining some of the factors 
responsible for their immunizing capacity. 

Three groups of mice were inoculated with large doses of live aviru- 
lent organisms by the subcutaneous (s.c.), intraperitoneal (i.p.) and 
respiratory routes respectively. The number of viable bacteria in the 
mouse organs was determined at various intervals thereafter. Follow- 
ing infection by the s.c. and i.p. routes (Tables I and II), the bacterial 
titers were maintained more or less at the 3 to 4 hour level for about 3 
days and then declined, possibly due to the development of immunity. 
Following respiratory exposure (Table III), the pulmonary bacterial 
titers dropped between 6 and 12 hours and then remained more or less 
constant for several weeks. No decline in titer was observed by the 
fifth day, in spite of histologic evidence indicating resolution of pul- 
monary lesions at this time. 

The immunizing capacity of these avirulent strains is therefore 
probably the result of their ability to create a generalized infection 
persisting at least 3 days following all 3 routes of administration. Al- 
though the quantitative data do not support the interpretation of 
bacterial multiplication, the persistence of bacteria for 6 and 11 weeks 
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following inoculation by both inhalation and i.p. injection, as well as 
the development of lesions as described below, would indicate that 
some reproduction must have occurred. 


PATHOGENESIS OF RESPIRATORY MELIOmDosIs PRODUCED BY 
AVIRULENT STRAINS IN MICE AND HAMSTERS 
The pathogenesis of lesions resulting from single or small numbers 


of other bacteria®*® has been best studied in the lung following the 
inhalation of aerosols. Eighteen mice were therefore allowed to inhale 


Taste I 
Titers of Avirulent M. pseudomallei in Mice Following Subcutaneous Inoculation 
train | Interval =—- Inguinal 
dose inoculation Liver Lung Spleen Kidney 
102-8 | 3-4 hrs. ° 3-5X10? | 1Xrol 1X10! 2X108 
3-5X107 | 4X109 | 26X10? | 1X10! 1X10! | 8.8X108 
1 day 1X10! ° 1X10! | rX10! | 1.2X10% | 2.8X108 
° ° ° ° 5X10° 5X10! 
2days | 5X10? | 5Xz1o0! | | 2.0X10% | 1.2X104 
5X10? | 3Xx0° 6X10! | 3X10? | r.9X108 | 1.2X104 
3 days 2X10? | 1Xr1ol ° 5X10! 1X10? ° 
1X10? ° 8X rol ° 5.1X108 | 
6 days ° ° ° 1Xr1ol 1X10! 
° ° ° ° 1X10! 
10 days ° ° ° ° ° ° 
15 days ° ° ° ° ° ° 
102-7 24 days ° ° ° ° ° 
7.5X108 | 42 days ° ° ° ° ° 


* Each horizontal row represents observations on one mouse. 
Note: Two days after inoculation of 7.5 X 10% bacteria (strain 102-8) in another 
experiment, the local subcutaneous lesions of two mice were removed and cultured. There 
were 1.3 X 10% organisms in one lesion, and 4.8 X 10% organisms in the other. 


5.3 X 10° organisms of strain 102-7 and were sacrificed in groups of 3 
on days 1, 2, 3, 4, 5, and 8. 

On gross examination all the organs appeared normal except for the 
livers, which were pale yellow during the first few days. Microscopic 
examination, however, revealed both the development and resolution 
of pulmonary lesions. On the first day these lesions consisted of small 
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Taste III 
Titers of Avirulent M. pseudomallei, Strain 102-7, in Mice Following Inhalation 
Organisms per organ* 
Time after Inoculum = 
inhalation dose No. of Logarithmic No. of Logarithmic 
of bacteria (organisms) organisms average organisms average 
2 hours 1.6X 108 1.5X108 9.5 
1.6 X 108 6.0X 104 
1.7X107 9.5 X 108 
6 hours 1.6X 108 2.2X 104 2.3X 104 
1.6X 108 2.0X 104 
1.7X 10? 2.0X 104 
1.7X107 3-3 X 104 
12 hours 1.6X 108 4.8X 108 3-7X108 
1.6X 108 4.2X108 
1.7X107 4-3X108 
1.7X107 2.2X 108 
1 day 1.6X 108 2.0X 108 1.7X108 
1.6X 108 1.2X 108 
1.7X 107 1.1X 108 
1.7X107 2.8X 108 
2 days 1.6X 108 5.0X 10? 8.2X 10? 1.0X 10? 1.0X 10! 
1.6X 108 9.5 X10? 1.0X 10? 
1.7X107 4.0X 10? ° 
1.7X107 2.4X 108 ° 
3 days 1.6X 108 5.0X 10° 2.2X10? 1.0X 3.0X 10! 
1.6X 108 2.4X 108 1.0X 10! 
1.7X107 5.0X 10! 1.0X 10? 
1.7X107 4.1X108 1.0X 10? 
4 days 1.6X 108 4.2X 10? 1.2X108 ° 
1.6X 108 5.0X 108 ° 
1.7X107 1.0X 108 ° 
1.7X107 1.1X108 ° 
5 days 5.5 X108 4-3X 108 1.4108 1.0X 3.0X 10! 
4.6X 10? 1.0X 108 
8 days 1.6X 108 1.0X 108 4.2X107 
1.6X 108 ° 
1.7X107 2.0X 108 
1.7X107 1.5X 104 
11 days 5.5 X 108 1.0X 104 3.0X 10? 
5.5 X 108 1.0X 10? 
1.6X 108% 30X10! 
1.7X 107 2.0X 10? 
17 days 5-5 X 108 5.2X108 4.0X 108 
5.5X 108 3.0X 108 
24 days 5.5 X 108 5.0X 108 5.0X 108 
6 weeks 5.5108 5.0X 10° 2.0X 10° 
5.5 X 108 ° 


* Each figure represents findings on one mouse. 
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intra-alveolar accumulations of neutrophils and a few mononuclear 
cells. On the second and third days an exudate of varying proportions 
of neutrophils and mononuclear cells filled several of the alveolar 
spaces (Fig. 1). Bacteria, though rare, were found in both types of 
exudative cells, a fact which provides some evidence supporting the 
belief that reproduction occurred among the few bacteria that lodged 
in that site. The alveolar septums, thickened by mononuclear cells, did 
not undergo necrosis. On the fourth and fifth days thickening of sev- 
eral of the alveolar walls occurred in focal manner. The alveolar 
exudate had disappeared except for an occasional dust phagocyte, and 
no bacteria were seen. On the eighth day the lesions had apparently 
resolved, for none could be found. 

A few hamsters were similarly infected with approximately the same 
doses of the same strain. Only a 2 and an 8-day old lesion were found. 
The former is shown in Figure 2. These lesions resembled respectively 
the 2 and the 5-day lesions in mice. 

No focal lesions were observed in any other organ of either species 
of animal, but certain systemic toxic effects were nevertheless manifest 
in mice. Their livers showed mild fatty infiltration which was most 
severe on the first day and had practically disappeared by the fifth 
day. Their kidneys generally showed cloudy swelling for two days. 

Recapitulating, the inhalation of this avirulent strain by mice and 
hamsters resulted in focal pulmonary lesions that showed little or no 
necrosis. In a few days these lesions seemed to resolve completely, and 
no secondary lesions arose. Evidence of some transient systemic toxi- 
city was, however, apparent in mice. 

The results enumerated above and those which follow suggest that 
avirulent strains 102-7 and 102-8 might produce a more virulent form 
of disease if they were better able to accumulate in the tissues of the 
host. The following experiment, using procedures known to decrease 
the ability of the host to destroy or inhibit bacteria," was designed 
to test this hypothesis. 

Eighteen mice, 6 weeks old, were divided into 3 groups. One group 
served as controls, one group was fasted for about 20 hours before 
infection and given only vegetables thereafter, and one group was 
given 2.5 mg. of cortisone acetate (Merck) intramuscularly (i.m.) 2 
days prior to infection, the day of infection, and 3 days after infec- 
tion. All 3 groups were inoculated with 4.4 X 10° avirulent organisms, 
strain 102-7, by the respiratory route. Two animals of each group were 
sacrificed on the second, fifth, and eleventh days after infection and 
their lungs prepared for histologic study. The fasted mice continued 
to lose weight throughout the experimental period. 
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In another experiment, cortisone was administered in similar dosages 
to ro mice that were sacrificed at a time corresponding to the fifth day 
above. This experiment was performed in order to rule out the possi- 
bility of pulmonary lesions arising from the normal bacterial flora of 
mice under the influence of cortisone. 

The results were most striking on the fifth day after infection. At 
this time no gross or microscopic lesions were found in either control 
group, whereas in both the fasted and the cortisone-treated infected 
animals, microscopic focal lesions were seen which consisted of alveolar 
plugs of partially necrotic neutrophils and other cells with little or no 
necrosis of the alveolar septums (Figs. 3 and 4). Bacteria were seen 
in moderate numbers.* A comparison of these photomicrographs with 
Figure 1, which resembles the control lesions at their height 2 days 
after respiratory exposure, indicates that more necrosis was present in 
the lesions of the fasted and cortisone-treated animals. In fact, the 
lesions of the latter animals had some of the characteristics of lesions 
caused by virulent strains (see Figs. 11 and 12 of the preceding 
paper.) Thus two procedures known to lower the resistance of mice 
enabled avirulent strains to produce a more severe disease. By analogy, 
it is conceivable that acute melioidosis of human beings may represent 
an enhancement of a subclinical disease occurring in a debilitated host. 


Factors RESPONSIBLE FOR THE AVIRULENCE OF STRAINS 
102-7 AND 102-8 IN MICE 


Avirulence of micro-organisms may be defined as a relative inability 
to create a distinct clinical disease in a given host. Under this defini- 
tion 3 different explanations of avirulence are possible: (1) a relative 
inability of the organism to establish an infection; (2) a relative 
inability of the organism to accumulate in the tissues of the host; and 
(3) a relative inability of the organism to produce substances injurious 
to the host. Combinations of the 3 factors are common, but the follow- 
ing examples illustrate that any one of the 3 alone can suffice to account 
for avirulence. An example of the first is plague in mice where at least 
10* organisms of Pasteurella pestis, strain 139L, were necessary to 
establish an infection by the respiratory route, but, once established, the 
infection was usually fatal.** An example of the second is tuberculosis 
caused by the human type of tubercle bacillus in natively resistant 
rabbits: A moderately low dose caused infection™® and development 
of lesions, but there was no generalized multiplication of bacteria, and 

* In other experiments the spleens of cortisone-treated mice which had been inoculated 


ip. with avirulent strains, were found by cultural methods to contain 10 to 1,000 times 
more bacteria than the spleens of control animals. 
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healing occurred. An example of the third, suggested by Dr. K. F. 
Meyer, is typhus in the rat.’*’® These animals were easily infected. 
The rickettsiae multiplied extensively in this host, and yet a completely 
inapparent disease was usually produced. Dubos*® has cited other 

Tastz IV examples. In the following studies 
Number and Size of Pulmonary Lesions in the nature of the avirulence of 


Mice Two Days after Inhalation of M. pseudomallei. strain 102-7. i 
5.5 X 108 M. pseudomallei, p 


Strain 102-7 analyzed. 
Average Relative Inability of Avirulent 
Mouse Strain 102-7 to Establish a 
no. per section (u) 
Melioidotic Infection 
ne If a large number of organisms 
s 1.8 150 of a given strain are required to 
3 0.2 130 generate a single lesion, then such 
4 2.6 150 a strain may be said to possess a 
5 0.6 130 relative inability to establish in- 
6 0.2 110 fection. This number was deter- 
7 2.8 100 mined for strain 102-7 as follows: 
8 4.0 130 Twelve mice were infected with 
9 2.6 140 5-5 X 10° bacteria by the respira- 
3.0 see tory route. They were sacrificed 2 
i ne te. days after exposure, and their 
lungs, fixed by the intratracheal 
injection of FU 48 (Technicon), 
Average 1.7 130 averaged 3.9 + 0.3 mm. in thick- 


ness after allowance was made 
for their curved surfaces. Histologic sections of the lung were cut at 
7 p thickness and 300 pw apart. In each section there was an average 
of 1.7 lesions with an average diameter of 130 » (Table IV). 
From these data the average number of lesions per lung was esti- 


mated. Specifically, it required 19 sections (232) to enclose one 


7B 
per mouse lung. If there was one lesion per section, there would be 


29 lesions sf in the lung. But since there was an average of 1.7 
19 


lesion, and it was estimated that there were 560 sections Be Iona am 


lesions seen in each section, an average of 49 lesions (29 X 1.7) must 
have been present in the whole lung. Since the inhaled dose was 
5.5 X 10° organisms, the number of organisms required to establish 


6 
one pulmonary lesion was 110,000 (S820). With the virulent 
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strain 103-67, only about 30 organisms were required to establish one 
pulmonary lesion.*** These data demonstrate the relative inability of 
avirulent strain 102-7 to establish melioidotic infection. 

Because inhaled bacterial aggregates from the aerosolized suspen- 
sions would fail to reach the alveoli to generate lesions,®*"* an experi- 
ment was performed to ascertain whether or not the 3,000-fold 
difference in the ability of the virulent and avirulent strains to estab- 
lish melioidosis could be due to differences in aggregation. 

Suspensions of the virulent strain 103-67 and avirulent strain 102-7 
were examined microscopically as unstained wet preparations made by 
placing a cover slip over a drop of a r to ro dilution of broth cultures. 
The suspensions of each strain, both before and after the aerosolizing 
procedure, consisted almost entirely of isolated bacteria with far less 
than one clump of 2 to 20 bacteria for each 100 single organisms. 

Thus the marked difference in the ability of these two strains to 
produce melioidotic lesions can not be attributed to differences in 
bacterial dispersion in the aerosolized suspensions, but is apparently 
due to factors intimately concerned with the interaction between the 
host and the parasite.* 


Relative Inability of Avirulent Strains to Accumulate 
in the Tissues of the Host 


Tables I, II, and III clearly indicate that avirulent strains of 
M. pseudomallei had a relative inability to accumulate in the tissues of 
the host. In fact, no increase in the number of bacteria over their 
initial levels could be detected. On the other hand, similar studies 
with virulent strains?* showed a continued rapid increase in the num- 
ber of bacteria in the various organs from the time of inoculation to 
the time of death. 

For example, 4 days after the inhalation of 10° to 10° avirulent 
organisms, strain 102-7, each of 4 mice had about 10° organisms in 
its lungs (Table III). By comparison, each of 5 mice inhaling 
approximately 2.5 < 10° virulent organisms, strain 103-67, had about 
10° organisms per lung at 4 days.? Thus the avirulent strains did not 
accumulate in the tissues of the host while the virulent strains did. 


Ability of Avirulent Strains 102-7 and 102-8 to Injure the Host 


Equal numbers of avirulent and virulent bacteria must be present in 
the tissues in order to compare their abilities to injure the host. Large 
numbers of avirulent organisms, strains 102-7 and 102-8, were therefore 


* We are indebted to Dr. Clara Nigg and Mr. Walter R. Leif of this Laboratory for 
performing this experiment and interpreting the observations. 
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inoculated s.c. and i.p. into mice to produce local injury and ip. into 
mice and hamsters to produce systemic injury. 

Local Injury. When 10° to 10° avirulent bacteria were injected s.c., 
a local abscess sometimes formed (Fig. 5). This persisted several 
weeks and eventually healed. When 10° avirulent bacteria were in- 
jected i.p., local abscesses also formed in rare instances in the omen- 
tum, mesentery, or broad ligament and were frequently adherent to 
one or more of the abdominal organs. The abscesses induced by s.c. 
and i.p. inoculation showed the same characteristics as the chronic 
abscesses caused by the virulent strains introduced ip.: a central 
necrotic core of dead neutrophils surrounded by granulation tissue 
which frequently contained plasma cells. However, the abscesses 
caused by the avirulent strains never gave rise to generalized disease. 

It is conceivable that the local abscesses were the result of non- 
specific factors and did not reflect the multiplication of the inoculated 
bacteria. No experiments were performed to determine this, but evi- 
dence suggesting that avirulent organisms were capable of reproducing 
in the tissues has been given above. 

Systemic Injury. When 10° avirulent bacteria were injected i.p., mice 
and hamsters usually died within 24 hours. They exhibited evidence 
of a fulminating septicemia and toxemia which resembled that caused 
by the introduction of 10° organisms of the virulent strain 103-67. In 
both instances bacteria were found in the cells of the pulmonary 
alveolar walls and in the Kupffer cells of the liver. Occasionally 
organisms were encountered in phagocytic cells of renal glomeruli and 
in circulating neutrophils. Bacteria were sometimes extremely numer- 
ous within the phagocytes (Figs. 6 and 7). 

Pathologic alterations were most marked in the spleen, because this 
organ evidently filtered out a relatively high percentage of the circu- 
lating bacteria. The red pulp was usually loaded with intact and 
disintegrating phagocytes containing many micro-organisms, and the 
white pulp frequently showed the same “pitted” appearance (Fig. 8) 
that was ascribed to the direct or indirect toxic effects of virulent 
organisms in a previous report.” 

Mice necropsied one day after inoculation had mild to moderate 
fatty degeneration of the liver. Hamsters were not thus affected, but 
occasional hepatic cells exhibited hyaline degeneration. The rarity of 
distinct necrotic foci at this time was due conceivably to the rapid 
death of the host. In animals that lived slightly longer, focal necrosis 
resembling that produced by virulent strains was found in the liver 
and spleen (Fig. 9). These lesions are of interest in that they developed 
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spontaneously during the course of a generalized infection rather than 
as a result of the employment of artificial experimental procedures. 

A few experiments were performed in order to determine the cause 
of death following the i.p. injection of large doses of avirulent or- 
ganisms. Was death merely due to the exotoxins and endotoxins 
present in the bacterial culture medium, or were these toxic substances 
produced or released by avirulent bacteria im vivo? To answer this 
question, the bacteria were washed 3 times with 1 per cent peptone 
solution before their intraperitoneal injection into mice and hamsters. 
The pathologic and bacteriologic effects were then compared to those 
found with unwashed cultures. As shown in Table V, the mortality of 
the animals and the bacterial titers in the spleen were similar in the 
two groups. The pathologic findings were also similar and resembled 
those. described above. It seems, therefore, that any exotoxins or 
endotoxins responsible for the death of mice and hamsters inoculated 
with avirulent strains were produced or released in vivo. 

The data presented in Table V are also of interest in that they 
confirm bacteriologically the existence of the large numbers of or- 
ganisms which were observed histologically in the tissues. Similar 
studies with washed and unwashed cultures of the virulent strain 
103-67 produced results that quantitatively resembled those found 
with the avirulent strains (Table V). It is therefore likely that com- 
parable numbers of virulent and avirulent organisms in the tissues 
caused comparable local and systemic injury to the host. 


Discussion 


The results of the foregoing experiments suggest that the avirulence 
of strains 102-7 and 102-8 was due to a relative inability to establish a 
melioidotic infection and a relative inability to accumulate in the 
tissues of the host. It did not appear to be due to a relative inability 
to injure the host. 

These studies with avirulent strains of M. pseudomallei have 
furthered our understanding of the nature of resistance to the disease 
and of the virulence of the organism. Resistance to the disease re- 
flects a failure of bacterial accumulation in the host tissues. The re- 
sistance is increased by vaccination? with avirulent M. pseudomallei, 
strains 102-7 and 102-8. These have been shown to create a generalized 
infection which persists for at least several days, provided that very 
large infecting doses are used. Avirulent strains of Bacillus anthracis™® 
and Pasteurella pestis** have also been employed for vaccination 
against their respective diseases. The nature of the protective or im- 
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Number of Bacteria in Tissues One Day after Intraperitoneal Inoculation 


with M. pseudomallei 


Inoculum: 
strain, dose No. and Mortality No. of 
(organisms) type of and av Tissue bacteria in 
and treatment animals day of death* cultured entire organt 
102-7 (avirulent) 10 mice 100% spleen 1.8X108 
2.5X108 1.6 days spleen 8.1X107 
unwashed lung 3-6X108 
(1:10 dilution lung 1.6X108 
of broth culture) blood 6.1X105/ml. 
blood 1.9X10°/ml. 
102-7 (avirulent) 8 mice 100% spleen 8.7X107 
5.0X108 1.4 days spleen 6.9X108 
washed 
102-8 (avirulent) 8 mice 100% spleen 9.2X108 
3-6X109 1.3 days spleen 6.0X 108 
washed spleen 2.8X 10° 
103-67 (virulent) 7 mice 100% spleen 2.8X 108 
3.9X108 1.1 days spleen 2.5X108 
washed spleen 4.8X108 
102-7 (avirulent) to hamsters 100% spleen 5.7X109 
2.5X10° 1.0 days spleen 3-3X10° 
unwashed lung 3-2X 10° 
(undiluted lung 3.1X108 
broth culture) blood 3.1X108/ml. 
blood 3.7X108/ml. 
102-7 (avirulent) 9 hamsters 100% spleen 4.2X 10? 
3-7X109 1.2 days spleen 5.7X109 
washed spleen 1.7X 10? 
102-8 (avirulent) 7 hamsters 86% spleen 5.7X10° 
5.5X109 1.5 days spleen 4.5X10° 
washed spleen 6.6X 109 
103-67 (virulent) to hamsters 100% spleen 4.2X108 
8.0X 108 1.0 days spleen 1.2X108 
unwashed lung 1.0X108 
(x:10 dilution lung 1.0X 108 
of broth culture) blood 9.0X108/ml, 
blood 4.2X104/ml. 
103-67 (virulent) 8 hamsters 100% spleen 4.8X108 
3-9X108 1.0 days spleen 3.6X108 
washed 


* When a moribund animal was sacrificed, it was considered for statistical purposes 
to have died on that day. Dead animals were collected once or twice a day. 

+ Each figure represents findings on one moribund animal. Blood is expressed in 
bacteria per ml. 
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munizing antigens of these species is known in part,?”*° but the char- 
acter of the immunizing antigens of M. pseudomallei remains to be 
investigated. It is possible that a surface antigen**** constitutes a 
significant factor. 

Virulence in M. pseudomallei stems from factors which enable the 
bacteria to accumulate in the tissues of the host. These factors, e.g., 
toxins, antiphagocytic substances, enzyme inhibitors, etc., are some- 
times called aggressins and have been partially characterized for B. 
anthracis*®****86 and P. pestis.2**87.88 They may or may not be 
toxic**:***.85 and may or may not be protective or immunizing anti- 
gens.?*-*°.85.86 Some of these aggressins may also exist in avirulent 
strains.***° Similar characterizations for M. pseudomallei are not yet 
available. It has, however, been shown that both virulent and avirulent 
strains of M. pseudomallei produce toxins in vitro which are lethal to 
both mice and hamsters.**** Moreover, the pathologic studies with 
avirulent strains reported in this paper as well as the bacteriologic 
studies reported by Chambon and Fournier**** suggest that factors in 
addition to toxins contribute to the virulence of this bacterial species. 


SUMMARY 


Bacteriologic studies have indicated that certain relatively avirulent 
strains of Malleomyces pseudomallei produced a generalized, though 
inapparent, infection in mice following introduction of large doses by 
the subcutaneous, intraperitoneal or respiratory routes. 

Pathologic studies demonstrated that these strains produced a 
hitherto undescribed type of respiratory melioidosis in mice and ham- 
sters, manifested by nonprogressive microscopic pulmonary lesions 
which showed little or no necrosis and were accompanied, in mice, by 
limited evidence of systemic toxicity. 

Procedures, known to decrease the ability of the host to inhibit the 
accumulation of bacteria, e.g., starvation or cortisone administration, 
increased the severity of the respiratory melioidosis caused by these 
strains. This was indicated by the presence of focal necrotic pulmo- 
nary lesions exhibiting some of the characteristics of lesions produced 
by virulent strains. 

The avirulence of the strains seemed to be due to a relative inability 
to establish lesions and a concomitant failure to accumulate in the 
tissues of the host. However, the ability of the avirulent strains to 
injure the host seemed comparable to that of virulent strains when 
similar numbers of organisms were present in the tissues. 
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LEGENDS FOR FIGURES 


Fic. 1. Mouse, 2 days after inhalation of 5.3 X 10° M. pseudomallei, avirulent 
strain 102-7. Lesion located at the periphery of the lung. Neutrophils and 
some mononuclear cells fill 4 alveoli in the center and have overflowed into 
neighboring alveoli, the walls of which are thickened with mononuclear cells. 
There is no significant evidence of necrosis. Two bacteria, not visible in the 
photograph, were found in the central cellular mass. This represents the 
respiratory lesion at its height. Methylene blue stain. XX 300. 


Fic. 2. Hamster, 2 days after inhalation of 1.5 X 105 M. pseudomallei, avirulent 
strain 102-7. This exudate is similar to that found in mice (Fig. 1) and 
consists of neutrophils in the alveolar spaces. These occasionally contain one 
or two bacteria (not shown). Hematoxylin and eosin stain. XX 300. 
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Fic. 3. Fasted mouse, 5 days after inhalation of 4.4 < 10° M. pseudomallei, 
avirulent strain 102-7. Pulmonary alveolar plugs of partially necrotic neu- 
trophils and other cells are characteristic of lesions caused by virulent strains. 
The alveolar septums remain essentially intact. This photograph is to be com- 
pared with Figure 1 which resembles the control lesions two days after respira- 
tory exposure. (Compare also with lesions caused by virulent organisms in 
Figures 11 and 12 ot preceding paper.) Giemsa stain. X 350. 


Fic. 4. Lung, cortisone-treated mouse, 5 days after inhalation of 4.4 X 10% M. 
pseudomallei, avirulent strain 102-7. Histologic characteristics are identical 
with the lesion observed in the fasted mouse (Fig. 3). Giemsa stain. X 350. 
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Fic. 


Fic. 


Fic. 


5. Subcutaneous (s.c.) abscess, mouse, 13 days after s.c. inoculation of 
3-9 X 107 M. pseudomallei, avirulent strain 102-8. A suppurative focus with 
ulceration above and delimitation by granulation tissue and fibroblasts at the 
left. Giemsa stain. X 50. 


6. Lung, hamster, 2 days after intraperitoneal (i.p.) inoculation of 2.7 X 108 
M. pseudomallei, avirulent strain 102-7. Phagocytes, which were constituents 
of a disrupted alveolar septum, contain many bacteria. The hemorrhage, shown 
in the alveolar spaces, is a rather rare occurrence. Giemsa stain. XX 1,200. 


7. Lung, hamster, one day after ip. inoculation of 8.0 X 108 M. pseudo- 
mallei, virulent strain 103-67. Alveolar phagocytes contain many bacteria. 
This is similar to lesion shown in Figure 6 where an avirulent strain was 
used. Giemsa stain. XX 1,030. 
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Fic. 


FIc. 


8. Spleen, hamster, one day after ip. inoculation of 2.7 X 108 M. pseudo- 
mallei, avirulent strain 102-7. In the red pulp (right) are many intracellular 
and extracellular bacteria. In the white pulp (left) are two “pitted” areas 
(arrows). These contain large phagocytes lining the branches of the central 
artery and frequently swollen with nuclear debris. (Compare with Figure 22, 
reference 1.) Giemsa stain. X 1,030. 


g. Spleen, hamster, 3 days after the i.p. inoculation of 5.0 X 108 M. pseudo- 
mallei, avirulent strain 102-8. A rather diffuse though focal necrotic lesion 
contains many disintegrating neutrophils in its center. Bacteria (not seen in 
the photograph) are numerous. The abscess, which resembles those produced 
by virulent strains, resulted from a generalized infection with the avirulent 
strain. Giemsa stain. X 160. 
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FOLLICULAR LIPIDOSIS OF THE SPLEEN 


A Stupy or THE Moper or Lirm TRANSPORT WITH REFERENCE 
TO THE LYMPHATICS OF THE SPLEEN * 


Gm M. Gorpserc, M.D., and Orro Sarum, M.D. 
From the Department of Pathology, Michael Reese Hospital, Chicago, Il. 

In previous studies** it was shown that a deep parenchymal lym- 
phatic system exists in the human spleen. Fine, endothelial-lined 
spaces were observed beneath the intima of veins and along the courses 
of arterioles of the white pulp.* From these studies it appeared that 
lymphatics existed in the spleen along the splenic arteries and veins. 
The presence of such lymphatics was further substantiated by the 
observations of tumor cells within this system in instances of meta- 
static carcinoma to the spleen.* Comparable to an injection of these 
lymphatics by particulate matter, carcinoma cells were found along 
arteries and veins, sometimes bulging into their lumens, but still being 
confined within thin lymphatic walls. Similar lymphatics were also 
encountered along the follicular arterioles of the white pulp and the 
malpighian corpuscles. 

The accumulation of lipids in excessive amounts in the spleen and 
their localization in the lymphoid follicles is not rare and has been 
repeatedly commented upon by various authors.°* However, the route 
of transport of such lipids has not been settled. As a matter of fact, 
Richter® very recently stated that “the mode of transport to the spleen 
is not known.” Wiland and Smith,® who studied the incidence of lipid 
globules in the lymph follicles of the human spleen, thought that the 
lipids were brought to the spleen by a hematogenous route. They gave 
no explanation as to their distribution in various parts of the spleen. 
The feeding of animals with lipids and oils’® and the aspiration of 
lipids“ resulted in their deposit in mesenteric and pulmonary hilar 
lymph nodes, as well as in the portal spaces of the liver and malpighian 
follicles of the spleen.*°™ Since the mode of transport to the spleen in 
experimental animals was likewise not ascertained,* the significance of 
the distribution of lipids along the arterioles, trabeculae, and capsule, 
and of their presence in lymphoid follicles merits investigation. 

Goldberg,’* in a previous study on the distribution of lymph vessels 
in the human spleen, showed that these vessels bore a constant relation 
to blood vessels. Lymphatics were found in the adventitia of the 


* This study was supported in part by the Byron C. Sharpe Fund and in part by 
the Lebold Memorial Fund. 
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splenic artery and vein, subintimally in smaller trabecular veins, and 
along trabecular arteries. Arterioles of the white pulp, which are not 
accompanied by trabeculae, showed the presence of lymphatic vessels 
between their walls and the white pulp. It was brought out that the 
lymphatic vessels in the spleen formed an integral part of the walls of 
blood vessels, as in any other blood vessel of the body (vasa lymphatica 
vasorum sanguinorum). However, because the arteries and the veins 
within the spleen have two mural components—namely, the wall itself 
and the dense trabecular connective tissue, the lymphatic vessels 
which are located between these two components are usually com- 
pressed and not visible. They were observed in the normal spleen only 
in places where they were not compressed by dense connective tissue.* 
They were also clearly visible when they contained cellular elements, 
as in cases of metastatic mucin-producing carcinoma.” 

It is the purpose of this study to evaluate the location, distribution, 
and mode of transport of lipids in the spleen in the light of recent 
observations of a deep lymphatic system existing in the human spleen.’* 


MATERIAL AND METHOD 


This study is based on the histologic examination of 3 spleens 
which contained lipid vacuoles along blood vessels and within the 
malpighian follicles. In the first instance the spleen was from a 61- 
year-old white man whose necropsy diagnosis was generalized arterio- 
sclerosis and myocardial infarction. The second patient was a 
49-year-old white woman with nutritional cirrhosis of the liver. The 
third patient was a 28-year-old Negro with miliary tuberculosis of the 
lungs, kidneys, and suprarenal glands. Blocks were cut from the hilar 
region as well as from the deep parenchyma of the spleen, and from 
the splenic arteries and veins along their respective courses. The tissue 
was fixed in ro per cent formalin. Multiple sections from these blocks 
were cut at 8 » and stained with hematoxylin and eosin, and by the 
van Gieson and Weigert methods for elastic fibers. Frozen sections 
from the various locations were also stained with Sudan IV. 


RESULTS 
Splenic Artery 
Sudanophilic vacuoles were encountered in the adventitia of the 
arteries (Fig. 1). Sometimes the vacuoles were surrounded by an in- 
filtration of lymphocytes. The location of the vacuoles corresponded 
to that of the lymphatics demonstrated by the presence of carcinoma 
cells in cases studied previously.* 
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Trabecular Arteries 


Vacuoles were found in slit-like spaces within the walls of these 
arteries. Sometimes a prominent endothelial lining could be made out 
in the slits. These corresponded to the location of lymphatics in which 
carcinoma cells had been found in other cases? (Figs. 2 and 3). 

Follicular Arterioles 

These arterioles, the walls of which are devoid of a trabecular com- 
ponent, exhibited irregular vacuoles along their walls. The vacuoles 
were also observed along the walls of arterioles in the white pulp and 
in the malpighian corpuscles (Fig. 4). This location, likewise, corre- 
sponded to that of the lymphatics observed in the carcinoma specimens 
(Fig. 5). However, in some instances, groups of vacuoles could be 
seen extending into the surrounding white pulp and even into the 
region bordering the red pulp (Fig. 6). This phenomenon is undoubt- 
edly due to the escape of lipid from the smallest lymphatic vessels and 
corresponds to the invasion of the neighboring white and red pulp by 
carcinoma cells after they too have escaped the lymphatics (Fig. 7). 

Malpighian Follicles 

Single (Fig. 8) or multiple vacuoles, which sometimes fused to form 

voluminous vacuoles, were observed on the outer margins of the central 


arterioles (Fig. 9). Again, the location was remarkably similar to that 
of the lymphatics made visible by the presence of cancer cells (Fig. 10). 
Splenic Vein 

This vein was surrounded by fat tissue which made it difficult to 
distinguish the lipid-engorged lymphatics.. However, when the tribu- 
taries of the splenic vein were examined at the hilus of the spleen, 
vacuoles located subintimally could be easily observed in the walls 
(Fig. 11). The subintimal location of the lymphatics had been par- 
ticularly stressed in previous observations;** the outer part of the 
venous wall is formed by the trabecular component (Fig. 12). 


Trabecular Veins 


These veins, as stated above, have been found to have a thin wall, 
and an outer, thick, dense, connective tissue support formed by the 
accompanying trabeculae. Lymphatics have been demonstrated in 
the subintimal region of the venous wall proper. Multiple small vacu- 
oles could be observed in our specimens in exactly the same location 
(Fig. 13). The vacuoles were surrounded by collections of lymphoid 
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elements (Figs. 13 and 15), and occasionally the entire process bulged 
into the lumen of the vein. The accumulation of carcinoma cells, con- 
fined within the lymphatic walls (Fig. 14) was a significant finding in 
carcinoma cases.’ 


Vacuoles 


All the vacuoles, wherever seen in the spleen and along the vessels, 
stained red with Sudan IV. They could be observed either singly 
(Figs. 4 and 8) or in groups (Figs. 6 and 9). When found in groups, 
they were irregular in size, replacing the lymphoid elements of the 
white pulp. Solitary vacuoles within the adventitia of an arteriole often 
demonstrated an endothelial lining (Fig. 8). Vacuoles were not found 
in the lumens of blood vessels. 


Granulomas 


Lipid granulomas were encountered. These consisted of multiple 
irregular vacuoles, always staining with Sudan IV. Between the vol- 
uminous vacuoles, lymphoid elements, macrophages and foreign body 
giant cells were found. These contained minute vacuoles (Fig. 16). 
The granulomas seemed to develop only after breakdown of minute 
lymphatics permitted the lipids to reach the tissues. 


DIscussIONn 


The question presented itself as to whether the sudanophilic vacuo- 
lated material observed along the blood vessels of the spleen, in 
malpighian corpuscles, and in the granulomas, consisted of adipose 
tissue or represented a deposition of lipid globules. 

The vacuoles were non-nucleated, irregular in size, and generally 
did not bear any uniform histologic relationship to the surrounding 
tissue. When such a relationship was observed, it was only in the form 
of a foreign body granuloma reaction characterized by giant cells and 
macrophages. These observations parallel the results of experiments 
carried out by Stryker,’® and suggest that the sudanophilic vacuolated 
material is a noncellular lipid substance which has been transported to 
the spleen. 

It has been thought by some investigators®’* that lipid droplets 
were carried to the spleen by means of blood vessels, even though this 
mechanism could never be satisfactorily demonstrated. If the droplets 
were transported to the spleen via the blood circulation, one would 
expect to see fat emboli in the arteries and in the sinusoids of the red 
pulp. However, this could not be demonstrated in our specimens. 
Only the evidences of chronicity, characterized by granulomas, were 
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observed in the red pulp. None of the sections gave any evidence of a 
transport of lipids into the spleen by the blood. 

From necropsy material’*™* and experimental study,” it appears 
that lymph nodes in the mesenteric and splenic hilar regions may show 
a deposition of lipid droplets. Animals fed with lipids exhibited fat in 
intestinal lymphatics in a proportion similar to that in the emulsion 
which had been fed to them.” 

As stated above, it has been demonstrated that the human spleen 
has a well developed, deep, parenchymal lymphatic system.1* The 
lipid droplets located along trabecular arteries, follicular arterioles of 
the white pulp (malpighian follicles), and veins, create a pattern with 
unique resemblance to the lymphatic vessels brought into view by the 
presence of carcinoma cells. The lipid droplets observed in the distri- 
bution of the lymphatics present features of a systematic sequence of 
events. A minimal, very early lesion is characterized by lipid vacuoles 
located within the lymphatics. In the more advanced lesion where 
lipids have reached the tissues, a granulomatous reaction is provoked. 
It is, therefore, proposed that the distribution of lipid in the spleen is 
the result of a lymphatic spread and occurs as part of a generalized 
lymphatic involvement. 

SUMMARY 

In 3 examples exhibiting lipidosis of the splenic follicles, lipid 
globules were observed in the adventitia of the splenic arteries and 
veins. The localization of the globules corresponded to that of carci- 
noma cells in instances of lymphogenous splenic metastases. The 
globules, as in the case of the carcinoma cells, were found in spaces 
identified as lymphatics constituting portions of a deep parenchymal 
lymphatic system in the spleen. It is suggested that lipid globules, 
which reach the pulp as the result of disruption of minute periarteriolar 
lymphatics, provoke the characteristic lipid granulomas which are 


ed. 
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LEGENDS FOR FIGURES 
All sections illustrated were stained with hematoxylin and eosin stain. 


Fic. 1. Hilar artery and vein with vacuoles and mural slit. Note perivascular 
lymphorrhages. X 600. 


Fic. 2. Trabecular artery. The slit in its wall contained sudanophilic vacuoles. 
X 200. 


Fic. 3. A trabecular artery with carcinoma cells in lymphatics. To be compared 
with Figure 2. X 200. 


Fic. 4. A follicular arteriole coursing in the white pulp. A sudanophilic vacuole 
is visible between the arteriolar wall and the white pulp. X 1,300. 


Fic. 5. Follicular arteriole. Lymphatics are made visible by the presence of car- 
cinoma cells. To be compared with Figure 4. X 1,300. 
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Fic. 6. Migration of vacuoles into adjoining red pulp. To be compared with 
Figure 7. X 600. 


Fic. 7. Invasion by carcinoma cells which enter the surrounding white and red 


pulp from periarteriolar lymphatics. X 600. 
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Fic. 8. A central arteriole in a malpighian follicle. Note the single vacuole with 


what appears to be an endothelial lining. To be compared with Figure tro. 
X 1,000. 


Fic.g. A central arteriole in a malpighian follicle. Coalescent multiple vacuoles 
are manifest. To be compared with Figure ro. X 1,200. 


Fic. 10. A central arteriole in a malpighian follicle. Note lymphatics containing 
carcinoma cells. XX 1,000. 
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Fic. 


Fic. 


Fic. 


Fic. 


11. Hilus of the spleen. Note vacuoles surrounded by lymphoid elements 
(lymphorrhages) in a vein wall. To be compared with Figure 12. XX 1,040. 


12. Hilus of the spleen. Note lymphatic vessel in the vein wall, highlighted 
by the presence of carcinoma cells. X 1,040. 


13. A trabecular vein with vacuoles present in its wall. Note lymphorrhages 
around vacuoles. To be compared with Figure 14. X 600. 


14. A trabecular vein with tumor cells in intramural lymphatics. X 300. 
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Fic. 15. Wall of a trabecular vein. Lymphoid elements in an intramural lymphatic 
cause bulging into the lumen of the vein. Also note minute vacuoles in a 
zone of mural lymphorrhage. X 600. 


Fic. 16. Foreign body giant cell with large lipid vacuole located near an arteriole. 
X 1,000. 
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I. THe INFLUENCE oF TIME ON THE REDISTRIBUTION 
or Excess SToraAcE Iron * 
Arne SHopen, Kem, Ing., and Pamir Sturcron, M.D. 
From the Hematology Research Laboratories, Children’s Hospital, and the 
Department of Pediatrics, University of Southern California, 
School of Medicine, Los Angeles, Calif. 

Iron in excess of that needed for the synthesis of hemoglobin and 
other functional iron compounds is stored primarily in the liver; under 
these circumstances the spleen and bone marrow iron is also increased 
in amount. This iron, often considered as reserve, is present in two 
physically different protein compounds. One, hemosiderin, is micro- 
scopically visible as discrete granules which give a positive Prussian 
blue reaction. The other, ferritin, is water soluble and is not demon- 
strable histochemically. 

In the course of an earlier experiment’ in which several rabbits were 
given large excesses (2,000 mg.) of iron parenterally over a relatively 
short period, the data indicated that the livers of the animals sacrificed 
1 to 2 years after receiving injections had greater amounts of iron than 
those sacrificed 1 month after the last injection. The present investiga- 
tion was undertaken to confirm this previous observation and to study, 
during the apparent process of redistribution of excess storage iron, 
the relationship between ferritin and hemosiderin in the liver and 
other organs. 

New Zealand white rabbits, 6-month-old males, were given 2,000 
mg. of iron intravenously in the form of saccharated iron oxide (Feo- 
jectin) over a period of 6 weeks. Two animals were sacrificed at 1 
week, and 3, 6, 10, and 14 months after the last injection. The livers 
and other organs were analyzed for ferritin and hemosiderin by water 
extraction and centrifugation with an arbitrarily chosen force of 
gravity. The method has been described in detail.? Quantitative deter- 
mination of iron was made, according to the method of Lorber.* 

To eliminate hemoglobin iron from the water soluble extracts, the 
livers were perfused with 0.9 per cent saline immediately post mortem. 
In the extracts from other organs, the hemoglobin content was meas- 
ured as reduced pyridine hemochromogen and the equivalent amount 


* This investigation was supported in part by a grant from the United States Atomic 
Energy Commission, Contract #AT (04-3)-77, and in part by Lakeside Laboratories, 
Inc., Milwaukee, Wisc. 

Received for publication, March 26, 1958. 
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of iron subtracted from the total iron determination.** Calculations 
for the amount of hemoglobin in the presence of ferritin were carried 
out according to a modification of the method used by Borei and 
Shoden® for the determination of cytochrome C (hemochromogen) in 
bakers’ yeast. 

The light absorption curve of ferritin in the Beckman Model B 
spectrophotometer is close to a straight line in the region 540 to 580 
my; this line is not parallel to the X-axis (Text-fig. 1). The slope of 
the curve varies with the ferritin concentration. 


0.6) 890 & Ferritin Iron 
0.44 
0.25 


Text-figure x. Ferritin. Light absorption in the region of 400 to 600 my. Beckman 
Model B spectrophotometer. Abscissa, ,; ordinate, optical density, 

The hemochromogen curve was read at 540, 555, and 580 my (Text- 
fig. 2). An arbitrary base line for determination of the value R at 555 
my was provided by readings taken at 540 and 580 muy. The distance 
R (Text-fig. 2) represented a constant percentage of the total hemo- 
globin content of the sample. By calculating R from determinations on 
a pure hemoglobin solution of known concentration, the relation be- 
tween R and the hemoglobin concentration was derived: mg. Hb. per 


ml. = K X R; or, K — Hib. perm 


In a sample containing ferritin and hemoglobin (or hemoglobin 
alone), the total light absorption at 555 my (r55;) may be looked upon 


* The ammonia and pyridine can be added to a whole series of samples, but each 
sample is reduced separately with sodium hydrosulfite and read within one minute. The 
ferritin iron will start to precipitate as hydroxide after it is reduced, and the turbidity 
will interfere with the reading. 
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5.05 ¥ Hemoglobin Iron 
= 1.49 mg. Hemoglobin 


T T 
500 540 550 580 600 


Text-figure 2. Hemoglobin. Light absorption in the region of 400 to 600 my. Beckman 
Model B spectrophotometer. Abscissa, ,; ordinate, optical density. 


06; 890 ¥ Ferritin tron 
+ 5.05 ¥ Hemoglobin tron 
0.4- 
R 
"540 
0.2- 
x 
580 
500 540 550 580 600 : 


Text-figure 3. Ferritin and hemoglobin. Light absorption in the region of 400 to 
600 my,. Beckman Model B spectrophotometer. Abscissa, ,; ordinate, optical density. 
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as consisting of 3 components (Text-fig. 3), R plus the 580 mp read- 
ing, plus an unknown quantity X; rss55 = R + fss + X; or R = 
— (Isso + X), where and represent the light absorption 
readings at 555 and 580 my respectively. To find X, the relationships 


i 
of the sides of the congruent triangles are used: *40—*58? 
580-540 s80—555; 
S(r040—T000). A slight error in this method results because the 


fécritin absorption, especially in high concentrations, deviates some- 
what from a straight line; this tends to decrease R to some extent. 
Studies were made on the accuracy of recovery of known amounts 
of hemoglobin in ferritin solutions. Ratios of hemoglobin iron to 
ferritin iron were adjusted to the range which would occur in these 
experiments. For each ratio (1:1, 1:10, and-1:100), 12 hemoglobin 
determinations were carried out and compared to a hemoglobin stand- 
ard (1.49 mg. per ml.). In 12 determinations of the hemoglobin 
standard alone, the R values varied from .170 to .183 pe an average 


of .177. The K value obtained from these figures was ——“+ re = 8.4. In 


a ratio of 1:1 (hemoglobin iron to ferritin iron), the R values were 
.180 to .190 (average .184). The R values in the 1:10 ratio were 
-168 to .186 (average .175); and in the 1:100 ratio, .127 to .156 
(average .143). The hemoglobin recoveries were thus 104 per cent, 99 
per cent, and 81 per cent respectively. It can be seen from these figures 
that the maximum error in the determination of hemoglobin was minus 
19 per cent in the 1:100 ratio; this of course would add only .19 per 
cent to the ferritin value. At the 1:1 ratio, the error in the hemoglobin 
method would introduce a minus 4 per cent error in ferritin. 

The marrow iron determination required preliminary scraping of 
all attached soft tissue from the bones. The bones were then homo- 
genized with an amount of distilled water equal to twice their weight, in 
a large Waring blender (commercial, one gallon capacity). The homo- 
genate was sedimented by centrifugation and fractionated in the same 
manner as the liver homogenates. 


RESULTS 


One week after the administration of 2,000 mg. of iron, approxi- 
mately 1,700 mg. was recovered from the various organs studied (Text- 
figs. 4 and 5). The liver contained the bulk of it (1,250 mg.). In the 
course of 6 months the total liver iron content increased, reaching 
1,500 mg. (Text-fig. 6). During this period, a decrease in bone mar- 
row, spleen, and kidney iron was evident (see total iron, Text-figs. 7 
and 8). The spread of total iron values (Text-fig. 5) in the lungs pre- 
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Text-figure 4. Redistribution, with time, of excess storage iron (2,000 mg.) in liver, 
bone marrow, and spleen. Brackets indicate infected animal. 


Total Iron 
mg. 


30 5 Lungs 


Kidneys 
Testes a----& 


(a) 
Months O 3 10 14 


6 

Text-figure 5. Redistribution, with time 
kidney, and testis. Brackets indicate infected animal. 
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Text-figure 6. Redistribution, with time, of excess storage iron (2,000 mg.) in livers 


of rabbits. Comparison of ferritin to hemosiderin. 
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Text-figure 7. Redistribution, with time, of excess storage iron (2,000 mg.) in bone 


marrow of rabbits. Comparison of ferritin to hemosiderin. 
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cluded any interpretation; the iron in the testis appeared to remain 
constant. The points in brackets in Text-figures 4 to 8 were obtained 
from animals with obvious severe infections. In 2 instances, the ani- 
mals lost considerable weight from diarrhea of 1 to 2 weeks’ duration, 


Iron 
mg 


150 + 


100 5 


50 ; 


tad 


Months O 3 5 10 14 

Text-figure 8. Redistribution, with time, of excess storage iron (2,000 mg.) in spleens 
of rabbits. Comparison of ferritin to hemosiderin. 
and in a third, the presence of pneumonia was confirmed by histologic 
examination. It is of interest, in these 3 cases, that the total liver iron 
was decreased and the bone marrow showed a reciprocal increase. 

In Table I the comparisons of iron concentrations in the liver and 
spleen show that the spleen, at all times, had approximately 3 times 
that of the liver. The liver, nevertheless, because of its much greater 
size, contained approximately 10 times more iron than the spleen 


Taste I 
Iron Concentration in Spleen and Liver of Iron Overloaded Rabbits* 


injecti of spleen (mg.) of liver 
1 wk. 4.8 136.2 2,830 1,250 840 
3 mos. 2.5 106.1 4,250f 1, 28st 1,230f 
6 mos. 2.1 69.0 3,270 1,535 1,180 
mos. 1.3 56.7 4,350 1,350T 1, 180f 


* The two spleens from each group were pooled and run as one sample. For com- 
parison, the average of values from two corresponding livers is tabulated. 
t Includes infected animals. 
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(Text-fig. 4). It is apparent that the decrease in total spleen iron was 
paralleled by a decrease in weight of the spleen (Table I); the con- 
centration, thus, remained approximately constant. It is also note- 
worthy that the determinations showing somewhat higher iron 
concentrations included a spleen from one animal with severe infection 
at 3 months; at ro months, both animals cited had mild infections. 

The results of fractionation of the total iron into ferritin and hemo- 
siderin in each group of animals are shown in Text-figures 6, 7 and 8. 
In the liver, one week after the last injection, the distribution of iron 
between the two components was approximately equal (Text-fig. 6). 
In time, as the total liver iron increased, there was, however, a pro- 
portionately greater increase in hemosiderin. This increase was accom- 
panied by a reduction in the amount of ferritin. 

In the bone marrow and spleen (Text-figs. 7 and 8), the original 
distribution contained a large excess of hemosiderin iron. A significant 
decrease in total iron, therefore, must be accompanied by a loss, pri- 
marily from this fraction. There was, perhaps, a slight decrease in 
ferritin. In the bone marrow, the increase in total iron in the presence 
of infection was a feature of the hemosiderin fraction only; in the 
liver, the loss in total iron appeared to be derived from the ferritin 
fraction. 

DISCUSSION 

The experimental approach employed in this and previous studies 
has made no allowance for the size of animals used or the weight of 
the organs studied. No practical way was found to predict the latter 
at the time of administering the iron. In these studies, all animals, 
irrespective of weight, were given equal doses of iron. Analyses were 
made for total iron or iron compounds per animal or organ. It was 
found in these and in previous experiments that agreement between 
duplicate animals or organs was very poor if the data were presented 
in terms of iron concentration (mg. per 100 gms. of tissue). On the 
other hand, when total iron was measured, there was good agreement. 
Table II lists the weights of 5 pairs of livers from animals given equal 
amounts of iron per pair, and compares the weight of iron content 
(mg. per 100 gm.) of the liver to the total iron in the liver. It illus- 
trates that the agreement between members of each pair was much 
better when the data were recorded in terms of total iron per organ. 
This observation indicates, therefore, that the quantity of iron per 
organ in experiments of this nature was related to the total iron ad- 
ministered rather than to the weight of the organ. 

These experiments, though complicated by infection in some of the 
animals, confirmed the observation noted in a previous study’ that, 
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following iron overloading of rabbits, there was, with time, a redis- 
tribution of iron. The present experiments have shown that redistribu- 
tion occurred for the most part in the first 3 to 6 months and was 
characterized by an increase in total liver iron and a decrease chiefly 
in bone marrow and spleen iron. 
During this process of redistribu- 
tion, the increase in liver hemo- 
siderin iron was proportionately 


Taste II 


Comparison of Liver Iron Concentration 
with Total Liver Iron* 


‘greater than the increase in total 
aie _ iron. This must have been the re- 
68 467 319 sult, therefore, of both accumula- 
106 275 293 tion of iron from other sites and 
121.5 714 868 a conversion of liver ferritin iron 
85.5 982 840 ar 
to hemosiderin. 
165.5 660 1,090 
116 912 1,060 SUMMARY 
166 I 
133 = er In rabbits given 2,000 mg. of 
144 1,080 1,572 saccharated iron oxide intraven- 
116 1,295 1,505 


ously over a 6-week period, there 


* Paired experiments; both animals re- 
ceiving same quantity of iron parenterally. 
t Note close agreement in total iron, ir- 


was, during the course of 3 to 6 
months, a shift of iron from the 
spleen and bone marrow to the 


respective of differences in sizes of livers. liver 


During this process of redistribution, the liver hemosiderin iron in- 
creased to a greater extent than the total liver iron. Thus, there was a 
concurrent decrease in liver ferritin iron. 

These observations indicate that in states of iron overloading, the 
time interval between administration and observation is an important 
factor in considerations of the ultimate distribution of iron. 
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LIPOBLASTOMATOSIS: A TUMOR OF FETAL FAT 
DIFFERENT FROM HIBERNOMA 
Report OF A CASE, WITH OBSERVATIONS ON THE EMBRYOGENESIS 
oF HumMAN ADIPOSE TISSUE * 


Frank Vettios, M.D.; Jost M., M.D.,t and Harris B. Seumacker, M.D. 
From the Departments of Pathology and Surgery, Indiana University 


School of Medicine, Indianapolis, Ind. 

Tumors of adipose tissue are varied, and no classification of them 
is generally accepted. The tumors include true neoplasms, the lipomas 
and liposarcomas, and non-neoplastic masses. Benign neoplasms of 
fat, lipomas are usually composed of mature fat cells; each cell is 
distended with a large vacuole of lipid which displaces the nucleus 
and compresses it against the cytoplasmic membrane. The so-called 
hibernoma is a tumor of adipose tissue, the component elements of 
which are multivacuolated and contain varying amounts of eosinophilic 
cytoplasm. These tumors resemble the brown fat of hibernating ani- 
mals; hence their name. Cox? has suggested that tumors of brown fat 
are composed of immature adipose tissue. 

It is now generally agreed that the lipoblast is a specialized cell 
differing from the fibroblast.* According to Shaw,‘ this theory was 
proposed by Todd and Bowman, in 1845, and supported by Toldt, in 
1870. Subsequently others have held that adipose tissue is derived 
from the fibroblast, which elaborates fat. It has been suggested that 
fat in different sites is not necessarily similar, the notable exception 
being the brown fat found especially in hibernating animals.*® Ac- 
cording to Rasmussen,’ brown fat in animals forms a large mass in the 
superior mediastinum. It extends into the intermuscular septums in 
the cervical region, with large lobes in the lateral portions of the neck. 
A pair of dorsal lobes is situated between the scapulas, and there are 
also extensions into the abdominal cavity with prominent perirenal 
lobes. In the human, the white fat encountered in the fetal and in- 
fantile periods resembles brown fat histologically. 

Recently, we observed an unusual tumor, resembling fetal adipose 
tissue, in an 8-month-old child. This tumor was located in the sub- 
cutaneous tissue of the anterior wall of the thorax, the right axilla, 
and the right suprascapular area. It differed from hibernoma clinically, 


* This study was aided in part by funds from the Indiana Elks Association. 
Received for publication, April 1, 1958. 
+ Dr. Baez was a Fellow of the Rockefeller Foundation at the time of this study. His 
present address is Laboratorio de Patologia, Hospital Central, Universidad de Leon, Leon, 
Guanajuato, Mexico. 
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grossly, and microscopically, but was also distinctly different from 
tumors of adult adipose tissue. Histologically, the lesion resembled 
fetal fat, and the term “lipoblastomatosis” is proposed for this reason. 
A study of the development of adipose tissue in human fetuses was 
undertaken in order to gain a better understanding of the nature of 


this lesion. 
Case History 


An 8-month-old white girl was admitted to the Pediatrics Service of the James 
Whitcomb Riley Hospital, Indiana University Medical Center, on July 26, 1955. 
Five weeks before admission, her parents noted enlargement of the right arm and 
forearm. Before that, she was in good health, ate well, and grew satisfactorily. 

Physical Examination. The right upper extremity was somewhat larger than the 
left, but was not increased in length. There was a faint pink discoloration; no 
cyanosis was noted. A soft swelling occupied the pectoral region and the axilla on 
the right side. The swelling appeared to increase with crying. No definite mass 
could be palpated. There was no limitation of motion of the arm and no pain. The 
axillary and brachial pulses were equal on both sides. The femoral and aortic 
pulses were good. Examination of the chest and abdomen showed no other 
abnormalities. 

Laboratory Studies. The hemogram and urinalysis were normal. A postero- 
anterior roentgenogram of the chest revealed deformity of the right first rib, which 
was fused with the second rib anteriorly at about the junction of the rib and the 
costal cartilage. The possibility of venous or lymphatic stasis secondary to the rib 
abnormality was considered. A venogram revealed no obstruction of the circulation. 

Clinical Course. Operative exploration of the affected region demonstrated a 
diffuse tumor in the subcutaneous tissue of the anterior part of the thorax, the 
areolar tissue of the right axilla, and the right supraclavicular area. As much of 
this tissue as possible was removed. Another mass, which was fairly well encap- 
sulated, was found surrounding the brachial artery and vein and the cords of the 
brachial plexus. This was dissected free without injuring the adjacent structures. 
The postoperative course was uneventful. There had been no recurrence of the 
lesion on February 7, 1958. 


Pathologic Examination 


The specimen (I1.U. # 77452) consisted of two masses measuring 
4.5 by 3 by 1.5 cm. and 7 by 5 by 3 cm. The tissue was composed of 
numerous small, soft, pale gray lobules, most of which were several 
millimeters in diameter; some were as large as 1 cm. Portions of the 
lesions were myxomatous. The cut surface was greasy. 

Histologically, a lobular pattern was evident, the lobules being 
joined by loose connective tissue. The lesion was richly vascular, and 
each lobule had its major vessel which arborized in a plexiform man- 
ner (Fig. 1). Many of the cells were vacuolated, and in some of these 
there was a large single vacuole displacing the nucleus against the 
cytoplasmic membrane. Smaller cells were multivacuolated and con- 
tained more centrally placed, round nuclei (Fig. 2). In such cells a 
moderate amount of granular eosinophilic cytoplasm intervened be- 
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tween the vacuoles. The vacuoles proved to be sudanophilic in frozen 
sections of formalin-fixed tissue. 

In some sites, spindle-shaped and stellate cells lay in an abundant 
pale-staining stroma. These appeared more frequently at the periphery 
of the lobules (Fig. 1), and in some marginal lobules the entire con- 
tent was of this nature. 

Although the histologic appearance of the lesion resembled myxoid 
liposarcoma, its lobular arrangement, circumscription, and the absence 
of invasion into surrounding tissues served to distinguish it from this 
neoplasm. The lobulated pattern of the tumor simulated that seen in 
hibernoma, but differed in that there were numerous spindle-shaped 
and few polyhedral cells with granular, eosinophilic cytoplasm. 


EMBRYOLOGY OF ADIPOSE TISSUE 
Material 


Thirteen human fetuses in good state of preservation were studied. 
Eleven were specimens procured from spontaneous abortions, one was 
the product of a premature stillbirth delivery, and one was a full-term, 
stillborn infant. Four fetuses were ro cm. or less in crown-to-heel 
length; one was 13.5 cm., two were 20 cm., two were 23 cm., and one 
each-was 27 cm., 28 cm., 41 cm., and 48 cm. Specimens were fixed in 
neutral formalin. Sections of tissues from various sites were examined, 
especially samples from the axillary, interscapular, and mediastinal 
regions, the perirenal area, the buccal fat pad, and subcutaneous tis- 
sues in various sites. Paraffin sections were prepared with hematoxylin 
and eosin, Mayer’s mucicarmine, and Alcian blue-periodic acid-Schiff 
stains. Frozen sections of some specimens were stained with Sudan IV. 


Observations 


No significant differences were evident in the mode of formation of 
adipose tissue in the various sites. However, fat appeared earlier in 
some locations than in others. The sites of earliest appearance were 
the subcutaneous region, the buccal fat pad, and the axilla. Adipose 
tissue in the mediastinum and retroperitoneal regions made its appear- 
ance and matured later. 

The first change detectable histologically was the appearance of 
capillaries in relatively acellular primitive mesenchyme (Fig. 3). This 
was seen earliest in the subcutaneous tissues of some, but not all, 
fetuses of about 9 cm. crown-to-heel length. Plump, spindle-shaped 
and stellate cells were found adjacent to the capillaries. These cells 
had large nuclei and well defined, somewhat basophilic cytoplasm. 


= 
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Vacuoles were difficult to identify in hematoxylin and eosin prepara- 
tions, but with Sudan IV stain, minute, sudanophilic cytoplasmic vacu- 
oles were noted. In these regions in older fetuses, very vascular lobules 
were present (Figs. 4 to 6), each surrounded by compressed mesen- 
chyme. The entire mass of lobules comprising the buccal fat pad was 
invested by a dense capsule (Fig. 6). 

In fetuses 20 cm. in length, the adipose tissue was well defined. The 
vascularized lobules were relatively cellular. Some of the cells were 
spindle shaped; others had multiple small vacuoles; still others con- 
tained a few larger vacuoles, and many contained one large vacuole 
with the nucleus displaced to one side. The latter were the most 
abundant elements present. Multivacuolated cells were uncommon. 

In the fetuses 23 to 28 cm. in length, fat tissue was well established. 
Lobules appeared in the gross as small flecks of yellow in myxomatous 
stroma. This was the case in the buccal, mediastinal, axillary, and 
retroperitoneal regions where the yellow aggregates were limited by 
delicate membranes. Isolated lobules of fat were found developing in 
the mesenchyme between muscle bundles, but these were not visible 
grossly. Histologically, the adipose tissue at this age was clearly 
lobulated, and the lobules now abutted on one another. The cells were 
mostly univacuolated, signet-ring forms. At the periphery of the 
lobules, the cells were occasionally moruloid or lacked detectable 
vacuoles in hematoxylin and eosin stained preparations. This arrange- 
ment suggested that the cells at the periphery of lobules and at some 
distance from the larger vascular branches were younger in point of 
development. The adipose tissue at this age was still recognizably 
richly vascular and possessed an organoid pattern. 

In later stages of development, fat was recognizable grossly as gray 
or yellow lobulated tissue. In various areas it extended by insinuating 
itself into crevices between other supporting structures (muscle), in 
this respect resembling the growth of capillary hemangiomas of in- 
fancy. Eventually the various collections of adipose tissue joined to 
form continuous masses. 

The microscopic appearance of the fat in the 41 cm. and 48 cm. 
fetuses varied in appearance in different areas, but the lobular pattern 
was manifest. In the buccal fat pad and in most of the subcutaneous 
tissue, it was composed of fully developed fat cells, each with only one 
large vacuole. Much of the adipose tissue in the axillary, mediastinal 
and retroperitoneal regions, however, was composed of fat cells with 
multiple vacuoles and abundant intervacuolar eosinophilic granular 
cytoplasm (Figs. 9 and 10). The nuclei were centrally placed. These 
cells resembled the brown fat of lower animals. 
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Discussion 


A survey of fetal tissues indicates that fat is a specialized substance 
derived from lipoblasts which, in turn, arise from perivascular mesen- 
chyme. Wasserman” considered the lipoblast to be closely allied to 
the reticuloendothelial system and especially to the hematopoietic 
organ. Stout™ cautioned that it was safer to regard the lipoblast as a 
fat-forming mesenchymal cell which could on occasion produce a wide 
variety of different and complex tissues. 

Our observations indicate that adipose tissue in the human fetus 
develops in similar fashion in various locations, but that in the axillary, 
mediastinal, and retroperitoneal areas it does not attain adult form at 
the time of birth. The manner of maturation in the various sites is in 
accord with the description of the development of the buccal fat pad 
recorded by Scammon.”* This author pointed out that early growth 
consisted of the expansion of enclosed mesenchymal and pre-adipose 
tissues; later growth was principally by increase in fat content. The 
latter included increase in number of fat lobules, formation of new fat 
cells, and growth of individual fat cells. According to Scammon, the 
formation of lobules in the buccal fat pad ceased by the fifth fetal 
month, at which time there were between 250 and 350 lobules. He 
felt that formation of new fat cells in this region ceased in later fetal 
life, usually by the seventh fetal month. 

Whether lobules continue to develop in other sites in the late fetal 
and postnatal periods is not clarified by our study. It seems reasonable 
to suppose that a halt in the development of new lobules occurs in this 
period but that lipoblasts continue to be formed. The lesion in our 
case appears to have resulted from continued proliferation not only of 
lipoblasts but also of new lobules of adipose tissue in the postnatal 
period. 

The case reported by Van Meurs™ as an embryonic lipoma is simi- 
lar to ours. Van Meur’s patient was a 5-month-old child who had 4 
recurrences of the lesion during 20 months following repeated excisions. 
All 5 of the specimens were similar, but with later operations, the 
tumor assumed the appearance of mature adipose tissue, a feature 
which the author considered a transformation of an embryonic lipoma 
to a common lipoma. 

The case reported by Cox? as a hibernoma may be another example 
of this type of lesion. This was a 6-week-old male infant who died 
from asphyxiation due to the tumor in the neck. The author noted the 
similarity of the lesion to immature fat and considered it to be a 
hibernoma because of the presence of cells with eosinophilic granular 
cytoplasm. The illustrations in this report are difficult to evaluate. It 
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is notable, however, that other recorded instances of hibernoma oc- 
curred in 

We suggest that the hibernoma is a tumor of fat cells in which the 
enzyme systems are incompletely developed. This differs from lipo- 
blastomatosis, essentially a tumor of embryonic adipose tissue. 


SUMMARY 


An unusual tumor of embryonal fat tissue, designated lipoblastoma- 
tosis, is reported. This lesion appeared as a soft mass in the subcu- 
taneous tissues of the anterior wall of the thorax and the areolar tissue 
of the axilla and supraclavicular regions of an 8-month-old girl. It was 
not encapsulated but infiltrated the area diffusely. It was composed 
of distinct lobules of embryonal adipose tissue; the fat content of the 
component cells varied. The tumor had not recurred after 30 months 
and was presumed to be benign. 

A study of the embryogenesis of adipose tissue in human fetuses 
was undertaken in the light of this unusual neoplasm. Adipose tissue 
was first recognizable at certain locations in embryos at about 9 cm. in 
crown-to-heel length. Formation of fat lobules apparently ceases in 
the late fetal or early postnatal period, although formation of individual 
lipoblasts may continue. Fat cells in the axillary, mediastinal, and 
retroperitoneal regions may not attain adult form at the time of birth. 
Lipoblastomatosis apparently results from continued proliferation of 
lipoblasts and of new lobules of adipose tissue in the postnatal period. 
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LEGENDS FOR FIGURES 
All sections shown in the figures were stained with hematoxylin and eosin. 


Fic. 1. Cells at the periphery of the tumor are immature, and those near the vas- 
cular pedicle contain large solitary vacuoles. XX 100. 


Fic. 2. A portion of the tumor in which almost all of the cells contain fat vacuoles 
of varied size. Some are multivacuolated. X 600. 


Fic. 3. The earliest recognizable lobule of adipose tissue, in the subcutaneous tissue 
of an 8.5 cm. fetus. Some of the cells contain fat, demonstrable with Sudan 
IV, but not visible here. X 300. 


Fic. 4. Adipose tissue in the subcutaneous tissue of a 20 cm. fetus. Some of the 
cells are vacuolated. X 150. 


Fic. 5. Adipose tissue in the perinephric region of a 20 cm. fetus. X 150. 
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Fic. 


Fic. 


.6. Embryonal adipose tissue in the buccal fat pad of a 27 cm. fetus. Note 
the vascularity of the lobules. X 150. 


.7. Adipose tissue in the buccal fat pad of a 23 cm. fetus. X 600. 


.8. Adipose tissue in the perinephric region of a 28 cm. fetus. Note that it 


is not as well developed as that shown in Figure 7 from the buccal fat pad 
of a younger fetus. X 6c0. 


g. Axillary adipose tissue of a 41 cm. fetus. Cells contain multiple vacuoles 
separated by eosinophilic, granular cytoplasm. X 150. 


10. Adipose tissue in the perirenal region of a 48 cm. fetus. Many of the 
cells are multivacuolated, but the cytoplasm of a few is nonvacuolated and 
deeply eosinophilic. X 725. 
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THE DIFFUSE ADRENAL LESION IN CUSHING’S DISEASE 


HisToLocic OBSERVATIONS ON SURGICALLY REMOVED ADRENALS 
IN Four CasEs * 


C. T, Ashwortn, M.D., and R. F. Garvey, M.D. 


From the Departments of Pathology and Surgery, The University of Texas 
Southwestern Medical School, Dallas, Texas. 


In spite of numerous observations on the clinical and physiologic 
aspects, and upon the pituitary lesions in Cushing’s disease, the adrenal 
lesions have, from a pathologic standpoint, not been described in de- 
tail. In most reports** the adrenals have been noted to contain an 
adenoma or carcinoma of the cortex, to be the seat of adenomatous 
hyperplasia, or to be of normal structure. The morphologic features of 
adenomatous hyperplasia in this disease have received only brief com- 
ment in case reports. 

Since clinical and physiologic considerations indicate that the mani- 
festations are largely those of hyperadrenocorticalism,® one would 
expect to find alterations in the adrenal cortex regularly. Examination 
of adrenal specimens from the 4 patients presented here revealed con- 
sistent and characteristic cortical changes of a diffuse nature. It is our 
purpose to describe these and to consider, insofar as possible, their 
apparent relationship to accepted principles of adrenocortical function. 
It appears that at least 60 per cent of patients with Cushing’s disease 
have diffuse adrenal alterations while the remainder probably have an 
adenoma or a carcinoma of the cortex.’ The structure of tumors of 
the cortex and their relationship to hyperadrenocorticalism have been 
well described, and are not the subject of this report. 


Report oF CASES 
Case 1 


A 44-year-old white female was seen on April 28, 1957. There was a 3 month 
history of increased facial hair, swelling of the feet and ankles, and marked 
fatiguability. She had also noted swelling of the face and abdomen and complained 
of low back pain. 

Blood pressure was 170/110. There were moon facies, slight pedal edema, and 
a distribution of adipose tissue characteristic of Cushing’s syndrome. Generalized 
purpura, with petechiae and ecchymoses, were found. There was dorsal kyphosis, 
and tenderness was noted over T8 and To. The abdomen was protuberant, but no 
striae were seen. 

The hemoglobin level was 12.4 gm. per 100 cc., and the blood urea nitrogen 
was 14 to 21 mg. Serum sodium value was 145 mEq/1; the serum potassium varied 
from 3.1 to 3.7 mEq/l. CO, was 28 mEq/l. A diabetic type of glucose tolerance 
curve was found. The blood eosinophils varied from o to 11 per mm.® in the 


* Received for publication, April 9, 1958. 
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fasting state. The urinary excretion of 17-ketosteroid ranged from 14.7 mg. to 29 
mg. per 24 hours. A roentgenogram revealed 3 compression fractures of thoraco- 
lumbar vertebrae. 

Radiation therapy was administered over the pituitary region. Because of rising 
blood pressure and blood urea nitrogen, however, a bilateral adrenalectomy was 


performed. Cortisone administration was begun approximately 24 hours before 
operation. 


Case 2 


A 26-year-old white female had increasing growth of hair on the face, pubic 
region, and extremities for two years. For 18 months menses had been very irreg- 
ular and progressively scanty. She had gained 100 pounds in weight during the 
preceding 6 years. Decreased libido and increasing weakness had also been noted. 

Blood pressure was 140/90. A buffalo hump type of obesity was observed. 
There were large purple striae in the skin of the abdomen, thighs and breasts. An 
acneiform eruption of the face was present. 

The urinary 17-ketosteroid excretion varied from 29 to 36 mg. per 24 hours. 
The level fell to 15 mg. after 5 days of treatment with Meticorten.® The glucose 
tolerance test was normal. 

Temporary improvement followed irradiation of the pituitary area. Later, there 
was evidence of increasing hair growth. Excretion of 17-ketosteroids again rose to 
abnormal levels, and moon facies became manifest. Bilateral adrenalectomy was 
then performed; cortisone therapy was instituted 24 hours prior to operation. 


Case 3 


A 20-year-old white female complained of weakness, acneiform eruption of the 
face, arms, chest and back, low back pain and amenorrhea. She had had a thy- 
roidectomy two years previously for Graves’s disease. 

There were truncal obesity and moderate dorsal kyphosis. A severe acneiform 
eruption was observed. The pubic hair had a male distribution, and there was con- 
siderable growth of hair about the face. Blood pressure was 126/82. 

Excretion of 17-ketosteroids varied from 23 to 28 mg., and 17-hydroxycortico- 
steroids ranged from 9 to 12 mg. per 24 hours. The 17-ketosteroid level fell to 
Ir mg. per 24 hours after the administration of fluorohydroxycortisone. 

A bilateral adrenalectomy was performed. 


Case 4 


A 34-year-old white male exhibited obesity, hypertension, abdominal striae, and 
skin pigmentation in 1951. There were signs of mild cardiac failure and evidences 
of an old myocardial infarction. Clinical studies indicated Cushing’s syndrome, 
and a subtotal left adrenalectomy was performed. This was followed by pituitary 
irradiation, but no change in the patient’s status ensued. Thereupon, bilateral sub- 
total adrenalectomy was performed with some amelioration of symptoms. Adrenal 
insufficiency was controlled by cortisone administration. 

During 1956 and 1957 the patient developed a recurrence of obesity with buffalo 
hump distribution, hypertension, skin pigmentation, and the 17-ketosteroid excre- 
tion increased to 24 mg. per 24 hours. Symptoms of mild cardiac failure with 
shortness of breath and ankle edema reappeared. Additional pituitary irradiation 
was given without benefit. Blood sugar level was found to be elevated, and the 
blood urea nitrogen was also slightly increased. 

Abdominal exploration was then done, and about 10 gm. of nodular, yellowish 
tissue was removed from the retroperitoneal area. This had bilateral location and 
was near the original sites of the adrenals. Microscopic examination demonstrated 
the substance removed to be adrenocortical tissue which was markedly hyperplastic. 
The adrenal glands removed in 1951 were also available for study. 

Post-operatively the 17-ketosteroid excretion fell to 3 to 7 mg. per 24 hours. 
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OBSERVATIONS ON THE ADRENAL GLANDS 


Because of the basic similarity of the gross and histologic abnormali- 
ties of the adrenal glands in these 4 cases, a composite description and 
discussion of the findings will be given. The specimens were compared 
with sections of normal adrenals removed surgically in the treatment 
of mammary carcinoma, and with necropsy material from patients who 
had died suddenly or rapidly with no known preceding disease. 

The adrenals in the cases of Cushing’s disease were found to be only 
slightly, though diffusely enlarged. None contained large adenomas 
or other evidence of tumor. The combined weights of the two glands 
in each case varied from 11 to 19 gm. Cortical architecture was main- 
tained, and in most instances the pattern was considered to be normal 
at first glance. Further study, however, revealed some thickening of 
the cortex, which measured from 2 to 3 mm. (Fig. 1). The outer por- 
tion was bright yellow, while the inner portion was brownish-yellow. 
In some glands the outer yellow area was less prominent, and the 
darker, brownish-yellow portion seemed to comprise most of the thick- 
ness of the cortex. Contrary to most recorded observations, there was 
only slight nodularity, and certainly in 3 of the cases the term adeno- 
matous hyperplasia would not be considered descriptive of their gross 
appearance. The medullas were not remarkable. 

Microscopically there was moderate cortical thickening, involving 
especially the zona fasciculata. The cell cords in this region were 
thicker than normal, but the sinusoids remained patent. A very no- 
ticeable feature was the division of the zona fasciculata into two por- 
tions: a deeper zone composed of large, granular cells which stained 
darker with hematoxylin and eosin, and an outer zone of large, clear, 
pale-staining cells, containing a marked excess of lipid droplets. These 
were in contrast with cells of the fasciculata in the normal gland 
(Figs. 2, 3 and 4). The zones varied in thickness and prominence in 
different cases as well as in different portions of the same gland. The 
junction between the clear and the granular cortical cells was usually 
very sharp, with almost abrupt transition of the cell types. It was 
apparent, however, that the alteration affected cell cords of both the 
fasciculata and reticularis. The granular cell zone varied from one 
third to as much as three fourths of the entire thickness of the cortex. 

The granular, dark-staining cells were characterized by abundant 
cytoplasm (Fig. 5). Lipid droplets were demonstrated by Sudan black, 
Nile blue sulphate, and oil red O stains. These were distinctly fewer 
than in the outer, clear-staining cells, and were also less prominent 
than in cells of the fasciculata of normal adrenals. The cells were 
characterized by increased cytoplasmic granularity and were relatively 
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~ opaque. The clear-staining cells in the outer portion of the fasciculata 
contained very little cytoplasmic granulation in comparison (Fig. 6). 
The lipid droplets were more numerous, more clearly demarcated, and 
seemed to be larger than those in the granular cell zone. The cyto- 
plasmic membrane was thickened and appeared considerably more 
prominent than in the case of normal cortical cells and the granular 
cells of the zona fasciculata. 

The zona glomerulosa was of particular interest. In many areas it 
was difficult to differentiate the zona glomerulosa from the zona fasci- 
culata, but the reticulum stain was helpful in making this distinction 
(Fig. 4). The glomerulosa was often completely missing, and the 
lipid-filled, clear-staining cells of the fasciculata seemed to extend all 
the way to the capsule. Usually, however, the glomerulosa was still 
present but atrophic (Fig. 7). In some instances the cells of the 
glomerulosa appeared to be distended with lipid and resembled the 
clear staining cells of the outer fasciculata. The remnant of glomerulosa 
was usually quite small, and the cells themselves were decreased in size. 
They appeared to be distorted and focally were compressed by the 
swollen elements of the fasciculata so that their long axes were parallel 
to the capsule. 

The zona reticularis was not markedly altered in appearance. In 
some regions it was difficult to differentiate it from the fasciculata, and 
the two zones appeared to be continuous (Fig. 4). The cells of the 
zona reticularis contained abundant cytoplasmic granules. There were 
few lipid droplets, and in general they resembled the granular cells of 
the deeper portion of the fasciculata (Fig. 8). Lipochrome pigment 
was somewhat increased in the reticularis cells. There also appeared 
to be a deposit of lipochrome pigment in some of the cells in the deeper 
portion of the fasciculata. 

Although adenomatous nodules were not grossly manifest in 3 of 
the glands, adrenals in all cases contained several collections of cells 
in the fasciculata arranged in micronodular fashion on microscopic 
examination (Fig. 9). These foci measured up to 2 mm. in diameter. 
They were not encapsulated but were continuous with the surrounding 
cortical cell cords. In some of the nodules, the outer portions were 
comprised of large clear cells, while the deeper portions were composed 
of granular, dark-staining cells. As in the non-nodular portions of the 
cortex, the dividing line between these two zones was usually very dis- 
tinct. Some of the cells in the nodules were hypertrophied. Their 
nuclei were hyperchromatic, larger than normal, and were considered 
indicative of polyploidy. An increased number of binucleated cells 
was observed, but there were no mitotic figures. Similar nuclear 
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changes were also encountered in the non-nodular portions of the 
cortex. 

In the adrenocortical tissue removed from the retroperitoneal region 
after previous bilateral adrenalectomy in case 4, irregular collections 
of large, dark-staining cells and a few groups of clear, foamy cells 
were observed (Fig. 10). 

In some of the glands there were infiltrations of small round cells 
resembling lymphocytes and plasma cells, and a few groups of large 
fat droplets similar to those described in fatty metamorphosis of the 
adrenal cortex abnormally stimulated by corticotropin.® 


Discussion 


There is a considerable similarity between the alterations observed 
in the adrenals of Cushing’s disease and those produced by continued 
administration of adrenocorticotropic hormone, or noted in reactions 
to stress.°’ The occurrence of a prominent layer of large, dark-stain- 
ing, granular cells in the zona fasciculata is particularly suggestive of 
corticotropin stimulation. However, the atrophic changes in the zona 
glomerulosa, the ballooned appearance of clear-staining cells in the 
outer part of the zona fasciculata, and the distinct dividing line be- 
tween the clear and granular cells have not been described in associa- 
tion with corticotropin administration. These differences suggest that 
additional factors may contribute to the structural alterations ob- 
served in these cases. 

A relationship between the concentration of sodium in the extra- 
cellular fluid, and the status of the zona glomerulosa has been 
demonstrated.**° On this basis, overactivity of the adrenal cortex in 
Cushing’s disease might lead to hypernatremia of such a degree as to 
cause decreased function and atrophy of the zona glomerulosa. On 
the other hand, the administration of corticotropin to monkeys does 
not produce any detectable change in the glomerulosa.™' It is possible 
that atrophy of the glomerulosa might be due simply to compression by 
the markedly swollen cells of the outer portion of the fasciculata. 

It is surmised that the granular cells in the inner, dark-staining zone 
are engaged in increased functional activity and elaboration of cortical 
hormones, while those of the outer, clear zone are in a state of lipid 
storage and decreased hormone synthesis. Cortisone will induce lipid 
storage and clarity of staining in adrenocortical cells,”* although this 
would not appear to explain the zonation of clear-staining and granular 
cells. The patients in this study had received cortisone for an average 
of one day prior to adrenalectomy. Since we have not examined 
adrenal glands from patients with Cushing’s disease, removed without 
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prior cortisone administration, an interpretation of the clear-staining 
cells in the outer zona fasciculata cannot be given at this time. 

Failure of the adrenal cortex to convert 17-hydroxyprogesterone to 
17-hydroxycorticosterone, resulting in the lack of pituitary inhibition 
by the latter, has been suggested as the primary disturbance account- 
ing for the adrenogenital syndrome.”* A similar type of defect might 
exist in the adrenal cortex in Cushing’s disease. Since the clear-stain- 
ing cells in the outer portion of the zona fasciculata appear to be in a 
state of diminished functional activity, it seems possible that this, or 
the atrophy of the glomerulosa, could induce a similar deficiency in 
production of a pituitary inhibitory substance. This mechanism could 
also explain the occasional occurrence of basophil adenoma and baso- 
phil hyperplasia of the pituitary in Cushing’s disease, and probably 
parallels the appearance of mammotropic and adrenotropic pituitary 
adenomas following experimental ablation of the thyroid.* On the 
other hand, a primary pituitary or hypothalamic basis for the adreno- 
tropic activity in Cushing’s disease has certainly not been disproved. 

It seems feasible at this time to locate the adrenal lesion of Cushing’s 
disease, at least in part, in the fasciculata. There is evidence of hyper- 
activity of the cortical cells as well as an unexplained increase in lipid 
storage and an apparent decrease of cellular activity in the outer por- 
tion of the fasciculata. This is, to some degree, in accord with the 
concept of functional zonation® of the adrenal cortex. Since it appears 
most likely that cells of the glomerulosa produce aldosterone,” ade- 
nomas or hyperplasia of the glomerulosa might be expected to be the 
basis for hyperaldosteronism. The lesion responsible for the adreno- 
genital syndrome has been related to the zona reticularis.*® 


SUMMARY 


The adrenal glands removed from 4 patients with Cushing’s disease 
exhibited a zone of large, clear-staining cells in the outer portion of the 
zona fasciculata, while the deeper portions of the fasciculata were 
composed of granular cells. These alterations were thought to be indi- 
cative of increased adrenocorticotropic stimulation with increased 
adrenocortical hormone synthesis. The zona glomerulosa was found to 
be atrophic and, in many areas, completely absent. This was interpreted 
to be compatible with a reduction in the normal inhibitory effect of 
adrenocortical hormone upon the pituitary, resulting, in turn, in an 
increased adrenocorticotropic effect. Since the patients had received 
cortisone prior to surgery, it was considered possible thai increased 
lipid content of the cells in the outer portion of the fascicuiata was 
attributable to this therapy. 
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LEGENDS FOR FIGURES 


1. Adrenals from cases 1, 2, and 3. These reveal a moderate, diffuse, cortical 
thickening with an increased prominence of the brown cortical zone in cases 2 
and 3, and very little gross evidence of an adenomatous nodular configuration. 
Hemorrhage in the medulla of the adrenal of case 1 is due to injury incident 
to surgical removal. 


2. Adrenal cortex in case 1. The zona glomerulosa is markedly atrophic while 
the zona fasciculata is thickened. The division of the fasciculata into outer, 
clear cells and inner, granular, dark-staining cells is well seen. Hematoxylin 
and eosin stain. X 72. 


3. Adrenal cortex in case 3. The cells of the zona glomerulosa are atrophic 
and seemingly compressed. In this area the granular cell layer of the zona 
fasciculata comprises most of the thickness of the cortex. Hematoxylin and 
eosin stain. X 55. 


4. Adrenal cortex in case 2, stained with reticulum stain. The atrophic zona 
glomerulosa is apparent. It is noted that most of the granular cell zone is in 
the deeper portion of the zona fasciculata, although the zona reticularis cells 
are continuous with the cells of the fasciculata. x 68. 
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5. Granular cells of the zona fasciculata in case 1. There is a marked reduc- 
tion in the lipid droplets, and the cytoplasmic granular material is increased. 
Hematoxylin and eosin stain. XX 350. 


6. In the outer, clear cells of the zona fasciculata (case 1), lipid droplets 
fill the cytoplasm, and the cytoplasmic granular material seems to be reduced. 
Hematoxylin and eosin stain. X 350. 


7. Zona glomerulosa, showing atrophic cells with small cytoplasmic mass. 
Scanty lipid material is present, and cytoplasmic granules are not prominent. 
Hematoxylin and eosin stain. X 350. 


8. Cells of the zona reticularis in case 2. These cells contain abundant cyto- 
plasmic granular material, do not show atrophy as in the uorma! zona reticu- 
laris, and are quite similar to the cells of the deeper portion of the zona 
fasciculata. Hematoxylin and eosin stain. X 350. 


g. Adrenal cortex in case 1, showing a micronodule containing large granular 
cells of the fasciculata mainly, but small foci of clear cells may be seen also. 
Hematoxylin and eosin stain. X 55. 


10. Adrenocortical tissue removed from retroperitoneal area at second opera- 
tion in case 4. Many large granular cells and a few clear cells resembling zona 
fasciculata may be seen. Hematoxylin and eosin stain. X 55. 
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THE HISTOGENESIS OF ACUTE HEMORRHAGIC 
PANCREATITIS IN DOGS* 


Sarapt, M.D.; Rosert B. Prerrer, M.D., and J. Hinton, M.D. 


From the Department of Surgery, New York University Post-Graduate Medical School, 
New York, N.Y. 


The past 50 years have seen numerous ingenious experiments de- 
signed to understand the perplexing phenomenon, acute hemorrhagic 
pancreatitis. A critical review of the data accumulated from the experi- 
ments of Opie,’ Rich and Duff,? Smyth,’ and Popper, Necheles and 
Russell* have failed to clarify many of the fundamental mechanisms 
of this entity. The numerous experiments designed by our group to 
arrive at a proper understanding of acute pancreatitis made it manda- 
tory to study the sequential morphologic events in the development of 
this process. 

This study was made difficult by the lack of a suitable technique 
which could repeatedly induce hemorrhagic pancreatitis. Some of the 
other methods for the production of this lesion, described in the liter- 
ature, were not effective in any large percentage of animals in our 
laboratory. Among the many techniques we have used were: injection 
of bile into the main pancreatic duct with or without ligation of the 
duct; injection of trypsin or a combination of trypsin and bile into 
the main pancreatic duct; injection of bile or trypsin following trauma 
to the gland; and vagal stimulation following feeding of animals, with 
or without ligation of both pancreatic ducts. Six dogs were used in 
each of the foregoing experiments (a total of 24), and time of sacrifice 
in each instance was 72 hours. 

It became apparent that the technique of Pfeffer, Stasior and Hin- 
ton,° employing a closed duodenal loop obstruction, would regularly 
produce acute hemorrhagic pancreatitis in dogs (12 dogs were utilized). 
Fortified by this new technique, we intended to study the sequential 
morphologic alterations in the course of the development of hemor- 
rhagic pancreatitis as part of a new concept of its pathogenesis. This 
paper deals with the histologic alterations; correlative concomitant 
studies will be reported elsewhere. 


METHOD 


Twelve mongrel dogs, weighing 11 to 20 kg., were used. The animals 
were fasted for 24 hours preoperatively and given 600,000 units of 
penicillin. A midline, upper abdominal incision was made, and the 


* This work was supported by grants from the John H. Hartford Foundation, Inc., 
and the U.S. Public Health Service. 
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duodenum was divided just beyond the pylorus and again beyond 
the reflection of the pancreas onto the dorsal mesentery. Both ends 
of the duodenum were inverted, thus creating a closed loop approxi- 
mately 7 to 10 cm. in length into which the pancreatic ducts drained. 


Text-figure 1. On the left, the normal anatomy of the pancreatic region in the dog. 
On the right, the completed operation, showing the closed duodenal loop and the division 
and ligation of the common bile duct. (Reproduced with permission from Surgical Forum,5 
P. 249.) 


Bile was prevented from entering the duodenal segment by dividing 
and ligating the common bile duct (Text-fig. 1). Prior to closure of 
the duodenal loop, irrigation with 150 cc. of warm sterile saline was 
carried out, and the washings were cultured. 

The 12 dogs were sacrificed at hourly intervals (from o to 11 hours) 
by means of an overdose of intravenous Nembutal,® and the gross 
alterations were observed. Tissue specimens were taken from the head, 
body, and tail of the pancreas. The tissues were fixed in formalin, and 
sections prepared from them were stained with hematoxylin and eosin. 
Cultures were again procured from the fluid content of the closed 
duodenal loop. Serial photographs were made of each animal in order 
to record the progression of the lesion. Serum amylase and lipase 
values were determined preoperatively and at the time of necropsy. 
In addition, amylase and lipase determinations were made on the fluid 
in the duodenal loop and the peritoneal fluid when it was present. The 
histologic studies were carried out without any knowledge of the type 
of procedure performed, the gross findings, and the hour at which the 
animal was sacrificed. The independent evaluation of tissue alterations, 
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the chemical values, and the gross observations were correlated and 
integrated at a subsequent time. This procedure was employed in all 
phases of our group studies to avoid any subconscious prejudice or 
influence upon the findings. 


RESULTS 


The earliest gross manifestations of pancreatitis were evident at 4 
hours. Edema was present in the head and body of the gland, and 
approximately 30 cc. of hemorrhagic peritoneal fluid appeared (Fig. 
1). There was little distinct change in this process during the next 4 
hours. The amount of hemorrhagic peritoneal fluid increased con- 
sistently, however, and at 9 hours a small hemorrhagic zone appeared 
in the head of the pancreas. From this point on, progression of the 
lesion was rapid. At 10 hours the head and body of the pancreas were 
enveloped by the apoplectic reaction. Finally, at 11 hours, the entire 
pancreas became a hemorrhagic mass, and the bloody peritoneal fluid 
had increased to 125 cc. (Fig. 2). 

Microscopic alterations were present within one hour following the 
surgical procedure. There was moderate interlobular edema separating 
the pancreatic parenchyma, but no inflammatory cells were evident. 
A few inflammatory elements were present only in the peripancreatic 
tissue. At 2 hours the edema was accompanied by focal congestion of 
small non-muscular blood vessels. Throughout this period the pan- 
creatic parenchyma appeared otherwise normal, and the acinar archi- 
tecture remained intact (Fig. 3). At 4 hours minute foci of 
extravasated red blood cells could be seen within scattered acini if 
searched for meticulously. The bulk of the pancreatic parenchyma 
remained ostensibly “normal” (Fig. 4). The hemorrhagic acini showed 
slight tinctorial alterations when compared with the neighboring un- 
affected glands. These lesions were definite and distinct by 5 hours. 
The hemorrhagic extravasation was now more pronounced, and larger 
foci were affected (Fig. 5). The lesions were characterized by subtle 
tinctorial alterations, loss of cellular polarity, disruption of lobular 
and acinar architecture, and indistinct cellular and nuclear membranes. 

The changes in subsequent hours were those of degree and amount. 
With time, larger areas of parenchyma were increasingly affected 
without any extension into the edematous interstitial connective tis- 
sue. At 8 hours hemorrhagic zones were found in the interstitial tissue; 
these progressed rapidly until the 11 hour period when extensive 
hemorrhagic involvement of both parenchyma and interstitial con- 
nective tissue became manifest (Fig. 6). 

There were no lesions in the branches of the pancreatic ducts or in 
the large muscular vessels. The latter were free of thrombosis. The 
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ductal mucosa was intact, and the duct walls were free of necrosis or 
acute inflammatory cells. The absence of inflammatory cells in the 
parenchyma and interstitial tissue is a noteworthy feature (Fig. 7). 
Sections of the closed loop of the duodenum were essentially free of 
significant intrinsic alterations during the entire 11 hour period, except 
for evidence of peritonitis. Eventually, if allowed to continue un- 
checked, the changes which occurred were those ordinarily found in 
advanced obstruction of the small intestine. 


Discussion 


Through a preliminary series of dog experiments, it became evident 
that a closed duodenal loop obstruction would consistently produce an 
acute hemorrhagic pancreatitis. After this work was concluded, it 
was discovered that Seidel® in 1910 observed a similar lesion produced 
by means of a closed duodenal loop. 

The following were considered important factors in this investiga- 
tion: The end result of the procedure was a regularly induced acute 
hemorrhagic pancreatitis; the exclusion of the common bile duct 
eliminated bile as a causative agent; the operation, as devised, re- 
quired minimal handling of the pancreas; and immediate examination 
of the experimental animal after sacrifice avoided tissue autolysis. 
More significant than these was the anatomic knowledge that the 
duodenal loop and the head and body of the pancreas shared a common 
blood supply, the superior pancreatico-duodenal artery. Thus the duo- 
denum served as an excellent monitor, indicating that no interference 
with the major blood supply of the pancreas had occurred. This last 
point was a vital key in the hourly study. The results indicated that 
throughout the development of the pancreatic lesion, the duodenum 
maintained an adequate blood supply. 

In the pancreas the progressive lesion induced had salient charac- 
teristics. The earliest lesion noted was a focal extravasation of blood 
cells into the parenchyma. This was thought to interfere with the 
acinar nutrition and to lead to parenchymal destruction. The rapidly 
progressive extension of the lesion, with no evidence of acute inflam- 
matory exudate, was considered indicative of interference with local 
blood supply. The progressive necrosis and absence of acute inflam- 
matory cells is a feature of a hemorrhagic apoplexy. 

The inference that the earliest morphologic alteration was a vascular 
lesion has been substantiated by the experiments of Reid, Challis, 
Paulette and Hinton.”* These workers showed that the reflux of bile 
and of trypsin was not provocative of hemorrhagic pancreatitis al- 
though present-day thinking and teaching continue to be dominated 
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by such concepts. The morphologic sequences observed would seem to 
justify the belief that a vascular lesion initiates the fulminating pan- 
creatic apoplexy in a short period of time. 


SUMMARY 


A closed duodenal loop obstruction was used to produce acute 
hemorrhagic pancreatitis. Sequential histologic studies showed the 
earliest lesion to be the extravasation of red blood cells which caused 
disruption and interference with the nutrition of the parenchyma at 
the acinar level. The histologic lesions of the rapidly progressive 
apoplectic phenomenon appeared to indicate a response to local vas- 
cular lesions. 
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LEGENDS FOR FIGURES 


Fic. 1. Necropsy at 4 hours. Early distension of closed duodenal loop with edema 
of head and body im situ. Small amount of hemorrhagic peritoneal fluid at left 
of liver edge. (1) Pancreas. (2) Duodenum. (3) Peritoneal fluid. (4) Liver. 
(5) Gall bladder. 


Fic. 2. Necropsy at 11 hours. Marked distension of closed duodenal loop. Hemor- 
rhagic pancreatitis present in entire gland. Hemorrhagic peritoneal fluid may 
be seen between loops of intestine. (1) Pancreas. (2) Duodenum. (3) Peri- 
toneal fluid. (4) Liver. (5) Gall bladder. 
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Fic. 3. Pancreatic architecture is maintained, but acini are separated by a minimal 
intralobular and intracinar edema. The duct is normal. Hematoxylin and 
eosin stain. X 65. 


Fic. 4. At 4 hours red blood cells are seen between the acinar units. Inflammatory 
cells are absent. Hematoxylin and eosin stain. X 225. 
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Fic. 5. Higher magnification, showing red blood cells separating the pancreatic 
acini. Hematoxylin and eosin stain. X 600. 


Fic. 6. A massive hemorrhage, replacing a large pancreatic lobule. A rim of 
parenchyma can be seen separating the zone of intralobular hemorrhage from 
the adjacent interstitial lesion. Hematoxylin and eosin stain. X 65. 


1182 


= 

| 


1183 


PANCREATITIS IN DOGS 


Nov.—Dec., 1958 


og 
5 
= 6 


SAFADI, PFEFFER AND HINTON Vol. 34, No.6 


Fic. 7. Complete disorganization of pancreatic acini with cellular degenerative 
changes. Red blood cells are present between the cells. Hematoxylin and 
eosin stain. X 600. 
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Good, R. A. See Page and Good (July-August) Supe 645 
Gordon, H. H. See Weinberg, Gordon, Oppenheimer. , and Nitowsky (May-June) 565* 
Gordon, J. See Morrison, Robbins, and Gordon on (May-June) 2 563* 


Gore, I., and Barr, R. Mucopolysaccharides and experimental atherosclerosis in 
rabbits. (May-June) . 580* 
Grand, N. G. Production of salivary gland virus inclusions in cultures of mouse 
salivary gland. (July-August) . : 775 
Green, R. See Pearson, Grose, and d Green (May-June) ‘ 
Grisham, J. W., and Banson, B. B. Nuclear changes in the liver of the rat a asso- 
ciated with developing cirrhosis. (May-June) . . 568* 
Grose, F. See Pearson, Grose, and Green (May-June) . 568* 
Gruenwald, P. Malformations caused by necrosis in the embryo, illustrated by the 
effect of selenium compounds on chick embryos. (January-February) . . 77 


Hackel, D. B., and Heymann, W. Calcific and 
in rats with nephrotoxic renal disease. (May-June) . . s8r* I 

——. See Wilson, Hackel, and Heymann (May-June) . 

Hagen, P. See Ono, Furth, Zompetti, and Hagen (May-June) 

a W. G. M. See Kulka, Hardison, Fremont-Smith, and Dammin (May- 


Harkin’ | J. and Recant, The earliest lesion in aminonucleoside “nephrosis: 
an electron microscopic study. (May-June) . . ss9* 
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Hartmann, W. H.; Sieracki, J. C.; Beher, W. T., and Horn, R. C., Jr. Dihy- 
drocholesterol- induced lapin cirrhosis. (May-June) 

Hartroft, P. M.; Newmark, L., and Pitcock, J. A. Further observations on the 
effects of dietary sodium deficiency on renal are samaaak cells coe adrenal 
cortex (rat, dog, cat). (May-June) . . 

See Pitcock and Hartroft (May-June) 

——. See Pitcock and Hartroft (September-October) 

Hartroft, W. S. Intracellular (“pseudo-alcoholic”) hyalin in experimental ‘itary 
cirrhosis of rats and mice. (May-June) . . ‘ é 

——. See O’Neal, Hartroft, and Thomas (May- June) Bays 

Hass, G. M.; Trueheart, R. E.; Taylor, C. B., and Stumpe, M. An n experimental 
histologic study of hypervitaminosis D. (May-June) .. 

Haust, M. D. See Kipkie and Haust (May-June) . . 

——. See Movat, More, and Haust (November-December) ‘ 

—; More, R. H and Kipkie, G. F. The application of tetrahydrofuran (THF) 
to necropsy and surgical pathology tissue. (May-June) . 

Hays, J. W. See Paplanus, Zbar, and Hays (January-February) . 

Hazard, J. B. See McCormack, Hazard, and Poutasse (May-June) 

Hellstrom, H. R. See Moran and Hellstrom (May-June) .. 

Hellwig, C. A.; Chesky, V. E., and Welch, J. W. Follicular and apillary car- 
cinoma of the thyroid: analysis of 77 cases. a a ; 

Helwig, E. B. See Smith and Helwig (May-June) . 

Herbut, P. A., and Kraemer, W. H. The effects of animal serums on lymphosar- 
coma 6C3HED in C3H mice. (July-August) . 

—, and ——. The properdin system in transplantable cancer (Gardner lympho- 
sarcoma 6C3HED). (September-October) 4 

Heymann, W. See Hackel and Heymann (May-June) 

——. See Wilson, Hackel, and Heymann (May-June) Pe 

Hilgar, A. C. See Nadel, Young, and Hilgar (May-June) . . 

Hinton, J. W. See Safadi, Pfeffer, and Hinton (November-December) 

Hoge, R. H. See Kay and Hoge (May-June) . 

Holman, R. L. See Strong, McGill, Tejada, and Holman (July-August) 

—. See Strong, Tejada, McGill, and Holman (May-June) . 

—; McGill, H. C., Jr.; Strong, J. P., and Geer, J. C. The natural history of 
EF scammiesele the early aortic lesions as seen in New Orleans in the middle 

Hook, E. W. See Wagner and Hook (May-June) . 

Horn, R. C., Jr. See Hartmann, Sieracki, Beher, and Horn a (May- J une) 

—, See Sieracki, Horn, and Eyler (May-June) fi 

Hosier, D. M. See Newton and Hosier (May-June) . . 

Hsu, K. C. See Seegal, Bevans, Hsu, and Rothenberg (May-J une) 

——. See Triedman, Metzger, Hsu, and Urquhart (May-June) 


Iammarino, R. M., and Berenbom, M. Effect of bone marrow on 
nucleic acids of x-irradiated rats. (May-June) ; ; 

Ibanez, M. L. See Russell, Clark, Ibanez, and White (May-June) 

Innes, J. R. M.; Donati, E. J., and Yevich, P. P. Pulmonary lesions in mice "due 
to fragments of hair, epidermis and extraneous matter 
toxicity experiments. (January-February) 


Jackson, J. R.; Gibbons, R. J., and Magner, D. The effects of staphylococcal 
toxin on the lungs of rabbits. (November-December) . 

Jennings, R. B., and Earle, D. P., Jr. Biopsy studies of post streptococcal acute 
glomerulonephritis. (May- J une) ‘ 

Jones, R. S. in rat and C4 Jabeled bacterial polysaccharide. 
(May-June) . . 


Karzon, D. T. See Shaver, Barron, and Karzon (September-October) . . 
Kaufman, N. See Klavins, Kaufman, and Kinney (May-June) . 
Kay, S., and Hoge, R. H. Mesonephric carcinoma of the ovary. (May-June) 
Kennedy, G. H. See Taylor, Kennedy, and Blundell (May-June) . . 
Kent, G. See Thompson and Kent (May-June) . . 
——, and Popper, H. Relationship of the increased iron storage in " secondary 
hemochromatosis to marrow erythropoiesis. (May-June) . 
Ra = = distribution of renal lipids in benign and malignant hypertension. 
ay-June) . 
; Vawter, G. F.; Dowben, R. M. and ‘Benson, R. E. Hypervitaminosis D 
Kibrick, 8. Benirschke, Kibrick, and Craig (May-June) . . 
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Kinard, R. F. See Allen and Kinard (March-April) 

King, Ww. See Eckman, King, and Brunson (July-August) 

-——. See Nahas, Brunson, King, and Cavert (July-August) . ae 

Kinney, T. D. See Klavins, Kaufman, and Kinney (May-June) 

Kipkie, G. F. See Haust, More, and Kipkie (May-June) . . 
——, and Haust, M. D. Malignant mesenchymoma (of the hemangiobiastomyxo- 
matous variety) in a five-year-old boy. (May-June) 

Klavins, J. V.; Kaufman, N., and Kinney, T. D . The effect of feeding pancreas, 
pancreatin "and trypsin in rats fed ethionine. (May-June) . é 

Klemperer, P. See Godman, Deitch, and Klemperer (J anuary-February) ; 

Kohn, R. R. Relationship of age to swelling properties of — poem ten- 
don. (May-June) . 5 

Kraemer, W. H. See Herbut and Kraemer (July-August) 

——. See Herbut and Kraemer (September-October) . . ee 

Kulka, J. P.; Hardison, W. G. M.; Fremont-Smith, P., and Dammin, G. J. 
The course of natural bacterial infection in experimental frostbite of rabbits. 
(May-June) .. 

Kuschner, M.; Laskin, 8.; Nelson, N. and Altschuler, B. Radiation induced 
bronchogenic carcinoma in rats. (May- June) . 

Kwittken, J., and Barest, H. D, The neuropathology of hereditary ‘optic atrophy 
(Leber’s disease): the first complete anatomic study. (January-February) . 


Ladewig, P. P. Anatomy of the “collecting veins” of the 
tion of functional aspects). (May-June) . ri 

Lange, K. See Wachstein and Lange (May -June) ee 

——. See Wachstein and Lange (September-October) . ...... 

Lansing, A. I. See Fisher, Rodnan, and Lansing (May-June) . ... . 

——. See Fisher, Rodnan, and Lansing (September-October) . 

Larsh, J. E., Jr., and Race, G. J. A histologic study of the upper small intestine 
of mice immunized with pre-adult irradiated Trichinella spiralis 

une) . 

Laskin, S. See Kuschner, Laskin, Nelson, ‘and Altschuler (May-J une) « 

Lazarus, S. S. See Volk and Lazarus (January-February) . ‘ ‘ 

——, See Volk and Lazarus (May-June) . 

G. D., and Rapp, I. H. Pathogenesis of Osgood-Schlatter’s disease. 

ugust) 

LeBeau, R. W. See Prier LeBeau (July-August) 

Lending, M. See Ozzello, Lending, and Speer (March-April) aa 

Leuchtenberger, C. See Uyeki, Leuchtenberger, and Salerno (May-June) ‘ 

——}; Leuchtenberger, R.; Zebrun, W., and Shaffer, P. Changes in the bronchial 
epithelium of mice after exposure to cigarette smoke. (A correlated histologic, 
cytologic and cytochemical study). rer? June) . 

R. See Leuchtenberger, Leu chtenberger, Zebrun, and ‘Shaffer 

May-June) .. 

Lev, M. See McMillan and Lev (May-June) 

Leventhal, M. L. See Saphir and Leventhal (May-June) ‘ 

Lichtenberg, F. V., and Ritchie, L. S. Trapping of “schistosomula” in the lung 
of Macaca mulatta with experimentally induced resistance to aap 5 man- 
soni infection; pathologic study. (May-June) . ‘ 

Liebow, A. A. See Rosen, Castleman, and Liebow (May-June) 

a L. Ps relation of neuronal cytoplasmic bodies to Parkinsonian states. 

May-June 

Lotz, W. E. See Bélanger, Visek, Lotz, and Comar " (January-February) - 

Lukes, R. J., and Cox, F. H. Clinical and morphologic findings in 30 fatal cases 
of infectious mononucleosis. (May-June) . 

Lumb, G.; Shacklett, R. S., and Dawkins, W. ye Conduction tissue studies in 
human and canine hearts. (May-June) . > 

Lupton, C. H.. See McManus and Lupton (May-June) i 

Luse, S. A., and Smith, M. G. Electron microscopy of the growth cycle of buman 
strain of salivary gland virus grown in tissue culture: (May-June) 


nay «os E., and Schatzki, R. The pathology of the lower esophageal ring. 

ay-June) . 

Magner, D. See Jackson, Gibbons, and Magner (November- December) . 

Marquiss, j. See Angrist, Oka, Nakao, and Marquiss (May-June) ‘ 

Martin, R. A. See Steinberg, Dietz, Martin, and Atamer (May-June) . m 

Masson, G. M. C.; Dustan, H. P., and Corcoran, A. Cc. 
Hypertensive vascular disease as a consequence of increased arterial pressure. 
in rats hydralazine-treated renal hypertension. (Sep- 
tember-Octo ° 
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McBroom, R. D. See Norman and McBroom (May-June) . 
McCormack, L. J. Idiopathic demyelinating disease in youth: ‘a study of three 
cases. (March-April) 

——. See Masson, McCormack, Dustan, and Corcoran (September-October) 

——; Béland, J. E.; Schneckloth, R. E., and Corcoran, A. C. Effects of anti- 
hypertensive treatment on the evolution of the renal lesions of malignant 
nephrosclerosis. (November-December) . . 

——; Hazard, J. B., and Poutasse, E. F. Obstructive lesions of the renal artery 
associated with “remediable hypertension. (May-June) . 

McGill, H. C., Jr. See Holman, McGill, Strong, and Geer (March- April) 

—. See Strong, McGill, Tejada, and Holman (July-August) ‘ 

——. See Strong, Tejada, McGill, and Holman (May-June). . 

McManus, J. F. A., and Lupton, C. H. The healing wound as a chemical system: 
a histochemical "study. (May-June) 

pe meme J. B., and Lev, M. The aging heart. I. Endocardium. (May- June) 

nee Bg 4 Changes in serum globulins during inflammatory processes. (May- 
une) . 

‘and Genkins, G. The thymoma and ‘myasthenia gravis. (May- 
une) 

Menkin, V. Chemical mediators in relation ‘to ‘cytologic ‘constituents in inflam- 
mation. (September-October) . 

Meranze, D. R. See Niedzewiedz, Frumin, and Meranze (May- J une) 

Mescon, H. See Strauss and Mescon (May-June) . 

Metcalf, T. G. See Riggs, Seiwald, Burckhalter, Downs, and Metcalf (November- 
December) é 

H. See Triedman, Metzger, Hsu, and. Urquhart (May-June) 

Miller, E. See Swarm, Andrews, Rubin, Schlachter, Brace, and Miller (May-J une) 

Minner, j. R. See Culbertson, Smith, Cohen, and Minner (May-June) 

Monaghan, E. A. See Rebuck, Monto, and Monaghan (May-June) ‘ 

Montgomery, P. O., and Bonner, Ww. A. The ultraviolet flying spot television 
microscope. (May- June) . 

Monto, R. W. See Rebuck, Monto, and Monaghan (May-June) 

Moran, T. J. See Totten and Moran (May-June) . . 

, and Hellstrom, H. R. The pathogenesis of experimental bronchiolitis ob- 
(May-June) . ‘ 

More, R. H. See Haust, More, and Kipkie (May-June) 

—. See Movat, More, and Haust (November-December 

Morrison, A. B.; Robbins, T., and Gordon, J. Subtotal (5/6) nephrectomy on 
weanling rats and the long term changes in the bones and endocrine organs. 
(May-June) . 

Movat, H. Z.; More, R. H., “and Haust, M. -: The diffuse intimal thickening of 
the human aorta with aging. (November-December) . 

Mowry, R. W. The value of mucopolysaccharide hydration in the demonstration 
of microbial capsules in paraffin sections: with special reference to Crypto- 
coccus neoformans and pneumococci. (May-June) 

Muirhead, E. E., and Stirman, J. A. Dietary protein and hypertension of dog; 
protection by uretero-caval anastomosis with a study of kidneys so treated. 
(May-June) 

Mulligan, R. M. Necropsy study of 257 persons with cancer “and "0 years of age 
and older. (May-June) 

Murphy, E. S., and Yasuda, A. Carcinoma of the "stomach in Hiroshima, J apan. 
(May-J une) 

ey M. A study of the ‘alterations in 1 proteolytic and profbrinolytic activity 

f the plasma in various disease entities. (May-June) . aoe 


Nadel, E .M.; Young, B. G., and Hilgar, A. C. Urinary corticosteroids in Hart- 
ley strain 9 and strain tS guinea pigs. (May-June) . 

Nahas, G. G.; Brunson, J. G.; King, W. M., and Cavert, H. M. Functional. and 
morphologic changes in heart lung preparations following a m 
adrenal hormones. (July-August) . . 

Nakao, K. See Angrist, Oka, Nakao, and Marquiss (May-June) ae 

Nelson, N. See Kuschner, Laskin, Nelson, and Altschuler (May-June) 

Nevius, D. B., and Friedman, N. B. Fibrous mesotheliomas, extraovarian the- 
comas and physiologic effects of mesotheliomas including oo sore 
nephrotic syndromes. (May-June) . 

Newmark, L. See Hartroft, Newmark, and Pitcock (May- June) ‘ 

Newton, W. A., Jr., and Hosier, D. M. Coxsackie infection in infants and chil 
dren: focal and disseminated; fatal and nonfatal. (May-June) . 
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aa ig Frumin, A. M., and Meranze, D. R. Uterine erythrocytosis. 

ay-June 

Nitowsky, H. M. See Weinberg, “Gordon, Oppenheimer, ‘and Nitowsky (May-June) 

Norman, T. D., and McBroom, R. D. The effect of anemia, Pecaper ss a and 
anemia with hypertension upon heart weight. (May-June) 


Oka, M. See Angrist, Oka, Nakao, and Marquiss (May-June) . 
O’Neal, R. M.; Hartroft, W. S., and Thomas, W. A. Anatomic features of 
thrombosis induced in rats by dietary means alone. (May-June) . 
Ono, S.; Furth, J.; Zompetti, L., and Hagen, P. Relation of blood mast ‘cells to 
tissue mast cells; of mastocytoma to mast cell leukemia. (May-June) . 
= E. H. See Weinberg, Gordon, Oppenheimer, and Nitowsky (May- 
une) 

Ozzello, L.; Lending, M., and Speer, KF. D. The ground ‘substance ‘of the central 
nervous system in man. (March-April) . 

—, and Speer, F. D. The mucopolysaccharides in the normal and diseased 
breast; their distribution and significance. (September-October) ceed 


Page, A. R., and Good, R. A. A clinical and experimental study of the function 
of neutrophils in the inflammatory response. (July-August) . 

Pak Poy, R. EK. F. Electron microscopy of the mammalian renal glomerulus; the 
problems of intercapillary tissue and the capillary loop basement membrane. 
(September-October) 

Paplanus, S. H.; Zbar, M. J., and Hays, J. Ww. Cardiac hypertrophy as a mani- 
festation of chronic anemia. (January-February) . 

Paronetto, F. See Popper, Paronetto, and van der Noen (May-June) 

—. See "Zak, Bubelis, and Paronetto (May-June) 

Pearson, B.; Grose, F., and Green, R. Histochemical changes in liver succinic 
dehydrogenase during rapid growth following partial hepatectomy. (May-J _e 

Pfeffer, R. B. See Safadi, Pfeffer, and Hinton (November-December) 

Pitcock, J. A. See Hartroft, Newmark, and Pitcock (May-June) . . 
—, and Hartroft, P. M. Correlation of the degree of granulation of juxtaglom- 
erular cells of man with the level of plasma sodium and with the width of the 
zona glomerulosa of the adrenal cortex. (May-June) . 

—, and ——. The juxtaglomerular cells in man and their relationship to the level 
= plasma sodium and to the zona glomerulosa of the adrenal cortex. Caper 
r-October) . . 
A. Myelolipoma in the adrenal cortex (myeloadipose structures). (May- 
une) . 

Pollak, A. The variation in "virulence “for golden hamsters of different strains of 
mycobacteria. (May-June) . 

Poppet, H. See Kent and Popper (May-June) 

; Paronetto, F., and van der Noen, H. Studies on mechanism ‘of inepatic * 

Poutasse, E. F. See McCormack, Hazard, and Poutasse (May-J une) % 

Pratt, P. C. Pulmonary capillary proliferation induced by epee inhalation. (No- 
vember-December) . 
Prichard, M. M. L. See Daniel and Prichard (May-June) 
Prier, J. E., and LeBeau, R. W. Cellular lesions in monkey kidney epithelium 
induced by adenoviruses and viruses of simian origin. (July-August) ‘ 
Prior, J. T.; Bechtold, E., and Reicher, N. B. ig: a mapeed cells in vaginal and 
endocervical smears: problems concerned with their recognition and egcie' 

(May-June) . . 
; Rohner, R. F.; Camp, pd ‘Re: and Rustad, H. The effects of cortisone upon 
gentle intimal repair in hypercholesterolemic rabbit. (May-June) . . 


Quastler, H. See Brecher, Cronkite, Quastler, and Bond (May-June) 


Race, G. J. See Larsh and Race 

Ramamurti, P., and Taylor, H. E. Skeletal lesions caused by beta mercaptoe- 
thylamine in rats. (May-June) . . 

Rapp, I. H. See LaZerte and Rapp (July-August) 

Rebuck, J. W.; Monto, R. W., and Monaghan, E. A. Defects in leukocytic de- 
fenses in skin windows in “disease. (May-June) . 

Recant, L. See Harkin and Recant (May-June) . . ; eet ae 

Reicher, N. B. See Prior, and Reicher (May- 

Relman, A. S. See Sommers, Relman, and Smithwick ( os ‘ 
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Riggs, J. L.; Seiwald, R. J.; Burckhalter, J. H.; Downs, C. M., and Metcalf, 
T. G. Isothiocyanate compounds as fluorescent ae, —_ =" immune 
serum. (November-December) 

Ritchie, L. S. See Lichtenberg and Ritchie (May- J une) : 

Robbins, L. L. See Sniffen, Soutter, and Robbins (July-August) 

Robbins, T. See Morrison, Robbins, and Gordon (May-June) 

Rodnan, G. P. See Fisher, Rodnan, and Lansing (May-June) 

——. See Fisher, Rodnan, and Lansing (September-October) . 

Rohner, R. F. See Prior, Rohner, Camp, and Rustad (May-June) 

Rose, N. R. See Terplan, Witebsky, and Rose egy une) . 

H.; Castleman, B., and Liebow, A. A. Alveolar proteinosis. 

une 4 

Ross, G. T. " See Bahn, Ross, and Schmit (May-June) ‘ 

Ross, Oscar A. Experimental studies of the in vivo relationships of the properdin 
system to resistance to infection. (May-June) . 

——. Experimental studies of the im vivo relationships of the ‘properdin system to 
resistance to infection. (May-June) ‘ 
Rothenberg, M. S. See Seegal, Bevans, Hsu, and Rothenberg (May- June) em 
Rubin, P. See Swarm, Andrews, Rubin, Schlachter, Brace, and Miller (May-June) 
Ruebner, B., and Bramhall, J. The effect of nutritional factors on experimental 
virus hepatitis in mice. (May-June) . ‘ 
Rueewl, W. O. See Dmochowski, Sykes, Wynne, and ‘Russell (May- June) i 

; Clark, R. L., Jr.; Ibanez, M. L., and White, E. C. Intraglandular distri- 
age Sm of thyroid carcinoma as shown by whole organ subserial sections; 
pathologic study of 47 cases. (May-June) eucé 

Rustad, H. See Prior, Rohner, Camp, and Rustad (May-June) 


Safadi, D.; Pfeffer, R. B., and Hinton, J. W. The histogenesis of acute hemor- 
er pancreatitis in dogs. (November-December) . 

Salerno, P. R. See Uyeki, Leuchtenberger, and Salerno (May-June) 

Saphir, O. See Goldberg and Saphir (November-December) ‘ 
—, and Leventhal, M. L. Production of lesions carcinoma. in ‘situ 
of the cervix uteri. (May-June) . ; 

Schatzki, R. See MacMahon and Schatzki (May-June) A 

L. See Swarm, Andrews, Rubin, Schlachter, Brace, and Miller (May- 
une) . 

Schlumberger, H. G. ‘Sex- linked hyperostosis in ‘the parakeet. (May-J une) 

Schmit, R. W. See Bahn, Ross, and Schmit (May-June) . 

Schneckloth, R. E. See McCormack, Béland, Schneckloth, and Corcoran (Novem- 
ber-December) 

Schoolman, H. See Szanto, Schwartz, Schoolman, and Spurrier (May-June) 

Schwartz, R. ae See Yesner, Schwartz, and Spiro (May-June) . 

Schwartz, S. O. See Szanto, Schwartz, ‘Schoolman, and Spurrier (May-June) 

Schwarz, J. See Fazekas and Schwarz (May-June) . 

Scott, E. M. See Dannenberg and Scott (November-December) ‘. 

Seegal, B. C.; Bevans, M.; Hsu, K. C., and Rothenberg, M. S. ‘Immediate 
nephritis produced in rabbits by duck’ anti-rabbit- kidney serum: localization 
of the ee in the glomeruli. (May-June) . 

Seiwald, R. J. See Riggs, Seiwald, Burckhalter, Downs, and Metcal (November- 


. 


December) ‘ 
Selye, H. Gastric osteodystrophy. (March- April) 
Shacklett, R. S. See Lumb, Shacklett, and Dawkins (May- June) ; 

Shaffer, P. See Leuchtenberger, Leuchtenberger, Zebrun, and Shaffer (May- June) 
Shaver, D. N.; Barron, A. L., and Karzon, D. T. Cytopathology of human en- 

teric viruses in tissue culture. (September-October) . 

Sheldon, W. H., and Bauer, H. Activation of quiescent mucormycotic granulomas 
in rabbits by induction of acute alloxan diabetes. (May-June) 

Sherwin, R. P. See Campagna-Pinto and Sherwin (May-June) . 

Shoden, A., and Sturgeon, P. Iron storage. I. The influence of time on the redis- 

tribution of excess storage iron. (November-December) . 

Shultz, F. T. See Andersen and Shultz (September-October) . . 
Shumacker, H. B. See Vellios, Baez, and Shumacker (November-December) 
Sidransky, H., and Friedman, L. Pulmonary aspergillosis associated with corti- 

Fane and antibiotic administration; human and experimental studies. asdl 

une) . 
Sieracki, J. C. ‘See Hartmann, ‘Sieracki, Beher, ‘and Horn (May- J une) é 
——; Horn, R. C., Jr., and Eyler, Ww. R. Pulmonary — in the so-called 
«collagen diseases.” (May-June) . . . 
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Skelton, F. R. Production and inhibition of hypertensive vascular disease in the 
rat by corticosterone. (May-June) . 

Smith, J. L., Jr., and Helwig, E. B. Malignant lymphoma of the stomach ; its 
diagnosis, distinction and biologic behavior. (May-June) ‘ 

Smith, J. W. See Culbertson, Smith, Cohen, and Minner (May-June) 

Smith, M. G. See Luse and Smith (May- June) . . 

Smith, W. W. See Brecher, Cronkite, Conard, and Smith (January-February) 5 

Smithwick, R. H. See Sommers, Relman, and Smithwick (July-August) . 

Sniffen, R. C.; Soutter, L., and Robbins, L. L. Muco-epidermoid tumors of the 
bronchus arising from “surface epithelium. (July-August) . 

Sommers, S. C., and Boughton, G. A. Relation of gastric epithelial hyperplasia 
to carcinoma. (May-June) . 
——; Relman, A. S., and Smithwick, R. H. Histologic studies ‘of kidney biopsy 
specimens from patients with hypertension. (July-August) . . 

Soutter, L. See Sniffen, Soutter, and Robbins 

Speer, F. D. See Black and Speer (May-June) 

See Ozzello and Speer (September-October) . . 

—. See Ozzello, Lending, and Speer (March- April) 

Spicer, S. S., and Bryant, J. H. Systemic effects in Tabbits receiving injections 
of papain and chondroitin sulfate. 

Spiro, H. M. See Yesner, Schwartz, and Spiro (May-June) . a cis 

Spurrier, W. See Szanto, Schwartz, Schoolman, and Spurrier (May-June) ere 

Steinberg, B.; Dietz, A. A.; Martin, R. A., and Atamer, M. A. Mechanism of 
hematopoiesis: hemopoietins in normal human plasma. Chia Jane) ‘cant 

Stirman, J. A. See Muirhead and Stirman (May-June) . 

Strauss, J. S., and Mescon, H. Histologic reaction patterns “of the human seba- 
ceous gland. (May-June) . . 

Strong, J. P. See Holman, McGill, Strong, and Geer (March- April) 
—; McGill, H. C., Jr.; Tejada, C., and Holman, R. L. The natural ‘history 
of atherosclerosis ; comparison of the early aortic lesions in New Orleans, 
Guatemala, and Costa Rica. (July-August) . . ‘ 

——; Tejada, C.; McGill, H. C., Jr.. and Holman, R. L. Coronary athero- 
sclerosis in New Orleans versus Guatemala. (May-June) . ae 

Stumpe, M. See Hass, Trueheart, Taylor, and Stumpe (May-June) - oT 

Sturgeon, P. See Shoden and Sturgeon (November-December) . . .. . 

Swarm, R. L.; Andrews, J. R.; Rubin, P.; Schlachter, L.; Brace, K., and 
Miller, E. Radioautographic demonstration of sulfur®5 in neoplastic and cer- 
tain other biopsied tissues of a patient with chondrosarcoma. (May-June) . 

Sykes, J. A. See Dmochowski, Sykes, Wynne, and Russell (May-June) . . . 

Szanto, P. B.; Schwartz, S..0O.; Schoolman, H. M., and Spurrier, W. The 
pathogenesis of experimental lymphoblastoma induced in C3HEB mice by 
means of cell-free brain filtrates. (May-Jume) . . . . « 


Tannenberg, J. .The hyaline membrane syndrome or disease: a 
nomer. (May-June). . . 

Taylor, C. B. See Hass, Trueheart, Taylor, and Stumpe (May -June) i a ack oe 

Taylor, H. E. See Ramamurti and Taylor (May-June) . 

Taylor, M. J.; Kennedy, G. H., and Blundell, G. P. The correlation in the rat 
of age with its degree of resistance to anthrax. (May-June) .. ‘ 
Tejada, C. See Strong, McGill, Tejada, and Holman (July-August) ... . 

—, See Strong, Tejada, McGill, and Holman (May-June) . . 

Terplan, K. L.; Witebsky, E., and Rose, N. R. Experimental thyroiditis in 
rabbits, guinea pigs, and dogs, following immunization with species specific 
thyroid extract. (May-June) . . 

Thomas, W. A. See O’Neal, Hartroft, and Thomas (May-June) : 

Thompson, J. R., and Kent, G. Occult tuberculous endobronchitis in surgically 
resected lung. specimens. (May-June) . . 

Thompson, S. W. II. Leiomyometaplasts, particles of unknown significance in 
smooth muscle cells. (March-April) . 

Totten, R. S., and Moran, T. J. The histology of “farmers? lung.” (May-June) 

Toy, B. L. See Bardawil, Toy, Galins, and Bayles (July-August) . . 

Triedman, R. S.; Metzger, H.; Hsu, K. C., and en, 3 F. E. Localization 
of duck anti-rat- lung serum "in rat glomeruli associated with the occurrence of 
immediate nephritis. (May-June) . ‘ 

Trueheart, R. E. See Hass, Trucheart, Taylor, and Stumpe (May-June) aes 

Turner, M. E. See Black-Schaffer and Turner (May-June) . . ees ce 

See Black-Schaffer and Turner (July-August) . . . 
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Grasbest. F. E. See Triedman, Metzger, Hsu, and Urquhart (May-June) . . 

Uyeki, E. M.; Leuchtenberger, C., and Salerno, P. R. Changes in the deoxyri- 
bose nucleic acid (DNA) synthesis of bone marrow from rabbits after x-irradi- 
ation (a microspectrophotometric, study). (May-June) ; 


Valdivia, E., and Appel, L. L. Radiologic study of the heart in guinea pigs ee 
at simulated high altitude. (May-June) . 

Van der Noen, H. See Popper, Paronetto, and van der Noen (May- J une) 

Vawter, G. F. See Kent, Vawter, Dowben, and Benson (January-February) 

——. Congenital mitral atresia. (May-June) . 

Vellios, F.; Baez, J., and Shumacker, H. B. Lipoblastomatosis: a tumor of fetal 
fat different from hibernoma. Report of a case with observations on 7 em- 
bryogenesis of human adipose tissue. (November-December) . . F 

Visek, W. J. See Bélanger, Visek, Lotz, and Comar (January-February) : 

Vogel, F. S. The association of vascular anomalies with anencephaly: a postmor- 
tem study of nine cases in one of which unilateral anencephaly was present in 
a conjoined double monster. (January-February) . 

-——. Changes in the fine structure of cerebellar neurons following ionizing radia- 
tion. (May-June) 

—. Enhanced susceptibility of proliferating endothelium to ‘salivary gland virus 
under naturally occurring and experimental conditions. (November-December 

Volk, B. W., and Lazarus, S. S. The effect of various diabetogenic hormones on 
the structure of the rabbit pancreas. (January-February) . 

—, and ——. The islets of van administration. 
(May-June) 


Wachstein, M., and Lange, K. Histologic and histochemical studies of the rabbit 
glomerulonephritis produced by specific anti-kidney duck serum. (September- 
October) 

—, and —. The relationship of proteinuria to tubular atrophy ‘as studied by 
enzymatic histochemistry. (May-June) . . 

Wack, J. P., and Wyatt, J. P. The role of the vertebral venous plexus ‘in the ‘dis- 
semination of labeled blood clots. (May-June) . 

Wagner, R. R., and Hook, E. W. Cross resistance to cerebral typhoid infection 
and influenza virus neurotoxicity. (May-June) . 

Weinberg, T.; Gordon, H. H.; Oppenheimer, E. H., and Nitowsky, Ee M. 
Myopathy i in association with tocopherol deficiency in cases of — — 
atresia and cystic fibrosis of the pancreas. (May-June) . . 

Welch, J. W. See Hellwig, Chesky, and Welch (May-June) . 

White, E. C. See Russell, Clark, Ibanez, and White (May-June) . 

Wilson, S. G. F.; Hackel, D. B., and Heymann, W. Aminonucleoside nephrosis 
in rats. (May-June) 

Witebsky, E. See Terplan, Witebsky, and Rose (May- June) ‘ 

Wood, S., Jr. Pathogenesis of metastasis formation observed in vivo in "the rabbit 
ear chamber. (May-June). . 

Wood, W. B., Jr. Natural and acquired resistance to bacterial infections: some 
comments on principles. (May-June) : 

Wyatt, J. P. See Wack and Wyatt (May- June) ; 

Wynne, E. S. See Dmochowski, Sykes, Wynne, and Russell (May-J une) 


Yasuda, A. See Murphy and Yasuda Oe : 

Yesner, R.; Schwartz, R. D., and Spiro, H. M. Studies i in histology 0 of the duo- 
denum. (May-June) 

Yevich, P. P. See Innes, Donati, and Yevich ‘Ganuary-February) mae 

Young, B. G. See Nadel, Young, and Hilgar (May-June) . rene 


Zacks, S. I. Chemodectomas occurring concurrently in the neck (carotid body), 
temporal bone (glomus jugulare) and retroperitoneum; report of a case with 
histochemical observations. (March-April) .. 

Zak, F. G.; Bubelis, I., and Paronetto, F. Experimental fibroplasia i in the liver 
induced by carrageenin in the normal rat and under the influence of cortisone 
and ethionine. (May-June) . 

Zbar, M. J. See Paplanus, Zbar, and Hays "(January-February ) 

Zebrun, W. See Leuchtenberger, Leuchtenberger, Zebrun, and Shaffer (May-J une) 

Zompetti, L. See Ono, Furth, Zompetti, and Hagen (May-June) . . 6 
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